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| RCA CMOS Integrated Circuits 


This DATABOOK contains complete technica! in- 
formation on RCA standard commercial CMOS 
integrated circuits. It covers the full line of RCA 
standard A- and B-series digital logic circuits, and 
special-function circuits (telecommunications and 
special interface and display-driver circuits). 


The DATABOOK is divided into eight major sections. 
The first section includes a complete index of types, 
classification and selection charts, functional dia- 
grams, and photographs of available package op- 
tions. This section is followed by a discussion of 
general considerations that should be taken into 
account in the operation and application of CMOS 
integrated circuits. 


Three separate data sections provide definitive 
ratings and characteristics for (1) high-voltage B- 
series types, (2) A-series types, (3) special-function 
types. 


Data pages for individual devices are included as 
nearly as possible in alphanumerical sequence of 
type numbers. Because some devices are grouped 
together to show similarity of function or data, 
individual type numbers may be out of sequence. If 
you don't find the type number you're looking for 
where you expect it to be, check the Index to 
Devices. 


Next, a high-reliability CMOS IC's section describes 
the extensive line of RCA high-reliability integrated 
circuits that are processed and screened in accord- 
ance with military, RCA, or special custom speci- 
fications to meet the needs of modern military, 
aerospace, and critical industrial and scientific 
applications. 

The DATABOOK atso includes Dimensiona! Out- 
lines, Application Notes, and RCA Sales Offices, 
Manufacturers’ Representatives, and Authorized 
Distributors. 


Table of Contents 


General Guide to CMOS Integrated Circuits 


General Operating and Application 
Considerations 


CMOS High-Voltage B-Series Integrated 
Circults—Technical Data ) 





CMOS A-Series Integrated Circuits— ra 
Technical Data 


CMOS Telecommunications, Display-Driver, 
and Interface Circuits—Technical Data 


CMOS High-Reliability Integrated Circuits 6 


Dimensional Outiines 


Application Notes En 


RCA Sales Offices, Authorized Distributors, rE 
and Manufacturers’ Representatives 





Solid 
State 





Somerville, NJ * Brussels * Paris e London 
Hamburg ¢ Sao Paulo * Hong Kong 


Information furnished by RCA is believed to be accurate and 
reliable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third parties 
which may result from its use. No license is granted by implication 
or otherwise under any patent or patent rights of RCA. 


The device data shown for some types are indicated as preliminary 
or objective. Preliminary data are intended for guidance purposes 
in evaluating devices for equipment design. Such data are shown 
for types currently being designed for inclusion in our standard 
line of commercially available products. Objective data are 
intended for engineering evaluation of types in the initial stages of 
design. The type designations and data are subject to change, 
unless otherwise arranged. No obligations are assumed for notice 
of change or future manufacture of these devices. For current 
information on the status of preliminary or objective programs, 
please contact your local RCA sales office. 


Copyright 1983 by RCA Corporation 
(All rights reserved under Pan-American Copyright Convention) 


Trademark(s) ® Registered 
Marca(s) Registrada(s) 


Printed in USA 8-83 








General Guide to CMOS 
Integrated Circuits : 


Page 
Index to Devices ©0000... c cence ence nee n ne eetennens 4 
Index to Application Notes ................ cece ccc e eee e ee eeeeenees 5 
Product Classification Chart ............. 0... cece ec eeee ec eeeeetens 6 
Function Selection Chart .............. 0... ccc cece eee e ee eneeeenes 7 
Package and Ordering Information ............... 0.0... ccceeeeeee 14 
Functional Diagrams .......... 2.0... ccc cee cece cnet eee ees 15 
Industry-to-RCA Type Cross-Reference Guide .................... 31 





Index to Devices 


This index does not include package 
designation suffix letters for individual 
type numbers; the various packages avail- 


able are shown in the data section. 
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Type No. Page File No. 
CA3300 620 1316 
CA3308 631 1352 
CA3308A 631 1352 
CD4000A 478 944 
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CD4000UB 62 945 
CD4001A 478 944 
CD4001B 58 985 
C04001UB 62 945 
CD4002A 478 944 
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CD4050B 
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GATES MULTIVIBRATORS 
Single-Level Multi-Level Flip-Flops/Latches 
Buffers & Multi- Decoders/ Schmitt 
NOR/NAND OR/AND | Inverters function/AO! Encoders Trigger 
CD4000B CD40128 | CD4071B } CD4007UB | CD4019B cp4028B CD4093B cCD4013B | CD4096B 
CD4000UB_ | CD4012UB | CD4072B | CD4007A CD4019A CD4028A CD40106B CD4013A | CD4099B** 
CD4000A CD4012A | CD4073B | CD4c09UB | CD4030B «= CD4514B cp4027B | CD4508B 
CD4001B CD4023B | CD4075B | CD4009A CD4030A *® CD45158 CD4027A | CD4724B** 
CD4001UB | CD4023UB | CD4081B | CD4010B CD4037A CD4532B CD40428 | CD40174B 
CD4001A CD4023A | CD4082B | CD4010A cp4048B CD4555B* CD4042A |_CD401758 
CD40028 CD4025B CD4041UB | CD4048A CD45568* CD4043B | Astable/ 
CD4002UB_ | CD4025UB CD4041A CD4070B= CD40147B cp4043A | Mono- 
CD4002A CD4025A CD4049UB | CD4077Be CD4044B | stable 
CD4011B cD4068B CD4049A cp408sB cpa044A | cpa047B 
Cp4011UB | CD407868 CD4050B cD4086B CD4076B"*} CD4047A 
CD4011A CD40107B CD4050A cD4095B 
CD4069UB 
cp4s028 | wSee “See "See lial 
CD4503B Comparators Demultiplexers Storage stable 
€D40107B Registers | CD4098B 
CD4538B 
MULTIPLEXERS/ | PHASE- | QUAD INTER- 
REGISTERS COUNTERS DEMULTIPLEXERS| LOCKED] BILATERAL | FACE 
FIFO Binary Analog/Digital LoGr SWITCHES || SiCUlrS 
Shift Storage Buffer Ripple Synchronous Data Selectors 
CD4006B cp4076st | co4o10ss| CD40208 CD4017B cp4016B A cps046B | CD4016B@ | CD4009UB 
CD4006A CD4099B CD4020A CD4017A CD4016A A CD4046A | CD4016A@ | CD4009A 
CD4014B C04724B CD4024B CD4018B CD40198 co4066B @ | CD40108 
CD4014A CD40108Be CD4024A CD4018A CD4019A CD4066A @ | CD4010A 
CD4015B CD40174B CD4040B CD4022B CD4051B CD4049UB 
CD4015A CD40175B CD4040A CD4022A CD4052B CD4049A 
CD4021B CD40208Be CD4060B cD4029B CD4053B Cbp4050B 
CD4021A CD4060A CD4029A CD4066B A CD4050A 
CD4031B CD4059A CD4066A A CD4054B 
CD4031A « a CD4510B CD4067B CD40107B 
CD4034B © TIMERS CD4516B CD4097B CD40109B 
CD4034A CD4518B CD4512B CD40115V 
CD40358 CD4045B CD4520B CD4555B @ CD40116 V 
CD4035A tose cp4o4sa CD40102B CD4556B @ cp40117B V 
Coaeas | Fp/Flops coaszes | Coes [ |_A/D Converters 
CD4517B CD40161B CA33004 
CD40100B =| eSee CD40162B Asee @See See CA3308 V 
CD40104B Multiport CD40163B Quad Decoders/ Multiplexers 
CD40194B Register i) C€D40192B Bilateral Encoders 
CD40193B Switch | il 
ARITHMETIC CIRCUITS DISPLAY DRIVERS TELECOMMUNICATION 
Parity For Sinecults 
Adders/ ALU/Rate /|Generator/| Multiport LCD* Crosspoint | Tone 
Comparators| Multipliers |Checker Register With Counter Drive Switches Generator 
cp4008B CD4057A €D40101B | CD40108B* | CD4026B cD40548 CD4511B | CD22100 V CD22859 V 
CD4008A CD4089B CD40208B* | CD4026A cp40558 cC022101 V 
CD40308 c©D45278 cCp4034B* | CD4033B CD4056B cb22102 Y__| Timer/Driver 
CD4030A CD40181B CD4034A*" | CD4033A CD4543B PCM Line Fs 
040328 CD40182B8 CD40110B cb22104 Vv Repeater CD22401 
CD4032A CD22104AV PCM Data 
CD40388 CD22105 V CD22301V Filters | 
CD4038A CD22105A V HDB ecaasie? 
CD4063B Transcoder | ¢p22414V 
CD4070B+ | +See *See *Liquid eeLight 
cCD40778+ Multifunc- Storage Crystal Emitting | CD22103V 
C04585B tlon/AOI Register Display Diode 




















V Indicates types designed for special applications. Ratings and characteristics data for these types differ in some aspects from 
the standardized data for A- and B-series types. Refer to data pages on these types for specific differences. 








No. of 
Type No. | Pins 


Gates 


NOR/NAND 
Dual 4-input NOR 


Dual 4-input NAND 


Triple 3-input NOR 


Triple 3-input NAND 


Quad 2-input NOR 


Quad-2 input NAND 


8-input NOR/OR 
8-input NAND/AND 
Dual 3-input NOR plus inverter 


Dual 2-input NAND buffer /driver 


OR/AND 

Dual 4-input OR 
Dual 4-input AND 
Triple 3-input OR 
Triple 3-inout AND 
Quad 2-input OR 
Quad 2-input AND 


Buffers and Inverters 
Dual complementary pair plus 
inverter 


Hex inverter 

Hex inverter/buffer (3-state) 

Hex buffer (3-state non-inverting) 
Hex buffer/converter (inverting) 
Hex buffer/converter (inverting) 
Hex buffer/converter (non-inverting) 
Hex buffer/converter (non-inverting) 


Quad true/complement buffer 


Dual 2-input NAND buffer /driver 


Multifunction/AOI 
Triple AND-OR bi-phase pairs 
Quad exclusive-OR 


Quad exclusive-OR 
Quad exclusive-NOR 


V indicates types designed for special applications. Ratings and characteristics data for these types differ in some aspects from 
the standardized data for A- and B-series types. Refer to cata pages on these types for specific differences. 





CD4002B 
CD4002UB 
CD4002A 
CD4012B 
CD4012UB 
CD4012A 
CD4025B8 
CD4025UB 
CD4025A 
CD4023B 
CD4023UB 
CD4023A 
CD4001B 
CD4001UB 
CD4001A 
CD4011B 
CD4011UB 
CD4011A 
C04078B 
CD4068B 
CD4000B 
CD4000UB 
CD4000A 
CD401078 


CD4072B 
CD4082B 
CD4075B 
CD4073B 
CD4071B 
CD4081B8 


CD4007UB 
CD4007A 
CD4069UB 
CD4502B8 
CD4503B 
CD4009UB 
CD4009A 
CD4049UB 
CD4049A 
CD4010B 
CD4010A 
CD4050B 
CD4050A 
CD4041UB 
CD4041A 
CD40107B8 


CD4037A 
CD4030B 
CD4030A 
CD4070B 
CD4077B 


Function Selection Chart 


Function 


Gates (cont'd) 
Multifunction/AO! (cont'd) 
Quad AND/OR Select 


Dual 2-wide, 2-inpbut AND/OR 
invert (AOI) 

Expandable 4-wide, 2-input 
AND/OR invert (AOI) 

Multifunctional expandable 8-input 
(3+state output) 


Decoders/Encoders 
BCD-to-decimal decoder 


8-input priority encoder 

10-line to 4-line 
BCD priority encoder 

4-bit latch/4-to-16 line decoder 
(outputs high) 

4-bit latch/4-to-16 line decoder 
(outputs low) 

Dual 1-of-4 decoder/demultiplexer 
(outputs high) 

Dua! 1-of-4 decoder/demultiplexer 
(outputs low) 


Schmitt Trigger 
Quad 2-input NAND 
Hex 


Interface 


Quad low-to-high voltage 
Hex high-to-low voltage (inverting) 


Hex high-to-low voltage (non- 
inverting) 


Dual 2-input NAND buffer/driver 
8-bit bidirectional CMOS-to-TTL 
level converter 
8-bit bidirectional CMOS-to-TTL 
level converter 
Programmable dual 
4-bit terminator 
A/D Converters 
Video-speed 6-bit 
flash A/D converter 
Video-speed 8-bit 
flash A/D converter 


Multivibrators 
Monostable /astable 


Dual monostable 
Dual precision monostable 





CD4019B 
CD4019A 


CD4085B 
CD4086B 


CD40488 
CD4048A 


CD4028B 
CD4028A 
CD4532B 


CD40147B 
CD4514B 
CD4515B 
CD4555B 


CD4556B 


CD4093B 
CD40106B 


C040109B 
CD4009UB 
CD4009A 
CD4049UB 
CD4049A 
CD4010B 
CD4010A 
CD4050B8 
CD4050A 
CD40107B 


CD40115 7 
CD40116 V 


cp40117B" 


CA3300 
CA3308 


cD4047B 
CD4047A 
CD4098B 
CD4538B 











Function Selection Chart 


Muitivibrators (cont'd) 
Flip-Flops 
Dual “D” with set/reset capability 


Dual “J-K" with set/reset capability 


Gated “J-K" (non-inverting) 

Gated “J-K" (inverting and non- 
inverting) 

Hex “D” 

4-bit “D” with 3-state outputs 

Quad “D” 


Latches 
Quad clocked "'D” 


Quad NOR R/S (3-state outputs) 


Quad NAND R/S (3-state outputs) 


Oual 4-bit 
8-bit addressable 


Registers 


Shift Registers-Static 
Dual 4-stage with serial input/ 
parallel output 


18-stage 
64-stage 


Dual 64-bit 
8-stage with synchronous parallel 
or serial input/serial output 


8-stage with asynchronous parallel 
input or synchronous serial 
input/serial output 


4-stage parallel-in/parallel-out with 
J-K input and true/complement 
output 


4-bit universal bidirectional 
with 3-state outputs 
4-bit universal bidirectional 
with asynchronous master reset 
8-stage bidirectional parallel or 
serial input/parallel output 


32-bit left/right 

8-stage shift-and-store bus 

Shift Reglsters-Dynamic 
200-stage 

Storage Registers 

8-bit addressable latch 


4-bit “D'-type with 3-state outputs 
4 X 4 Multiport 
4 X 4 Multiport 


FIFO Buffer Registers 
4-bit X 16 word 


CD40138 
CD4013A 
CD4027B 
CD4027A 
CD4095B 


cD4096B 
CD40174B 
CD4076B 

CD40175B 


CD4042B 
CD4042A 
CD4043B 
CD4043A 
CD4044B 
CD4044A 
CD4508B 
CbD40998 
CD4724B 


CD4015B 
CD4015A 
CD4006B 
CD4006A 
CD4031B 
CD4031A 
CD4517B 


CD4014B 
CD4014A 


CD4021B 
CD4021A 


CD40358 
CD4035A 


C040104B 
CD40194B 


CD4034B 
CD4034A 
CD40100B 
CD4094B 


CD4062A 


CD4099B 
CD47248 
CD40768 
CD40108B 
CbD40208B 


CD40105B 


Counters 
Binary Ripple 
7-stage 


12-stage 


14-stage 


14-stage counter/divider and 
oscillator 


Timers 
21-stage 


Programmable 


Synchronous 
Decade counter/divider plus 10 
decoded decimal outputs 


Divide-by-8 counter/divider with 
8 decimal outputs 


Presettabie divide-by-‘'N” counter, 
fixed or programmable 


Programmable-divide-by-"N” 
counter 

Presettable up/down counter, 
binary or BCD-decade 


Presettable 4-bit BCD up/down 
counter 

Presettable 4-bit binary up/down 
counter 

Presettable 2-decade BCD down 
counter 

Presettable 8-bit binary down 
counter 

Presettable 4-bit BCD up/down 
counter 

Presettable 4-bit binary up/down 
counter 

Dual BCD up counter 

Dual binary up counter 

Decade counter/asynchronous clear 

Binary counter/asynchronous clear 

Decade counter/synchronous clear 

Binary counter/synchronous clear 


Display Drivers 


With Counter 

Decade counter /divider with 7- 
segment display outputs and 
display enable 


Decade counter/divider with 7- 
segment display outputs and 
ripple blanking 


Up/Down Counter-Latch- 
Decoder-Driver 





ramets | dal a 


CD4024B 
CD4024A 
CD4040B 
CD4040A 
CD4020B 
CD4020A 


CD4060B 
CD4060A 
CD4045B8 
CD4045A 


CD4536B 
CD4541B 


CD4017B 
CD4017A 


CD40228 
CD4022A 


CD4018B 
CD4018A 


CD4059A 


C0D4029B 
CD4029A 


CD4510B 
CD4516B 
CD40102B 
CD40103B 
CD40192B 
CD40193B 
CD4518B 
CD4520B 
CD40160B 
CD40161B 


CD40162B 
CD40163B 


CD4026B 
CD4026A 


CD4033B 
CD4033A 


CD40110B 

















Function Selection Chart 


No. of 
Type No. Pins Function 


F ; ; Arithmetic Circuits (Cont'd 
Display Drivele-contd) Adders/Comparators 


For Liquid-Crystal-Display Drive Quad exclusive-OR gate CD4030B 
4-segment display driver CD4054B CD4030A 
BCD-to-7-segment decoder/driver Quad exclusive-OR gate CD4070B 


with “display-frequency” output CD4055B Quad exclusive-NOR gate CD4077B 
BCOD-to-7-segment decoder /driver 


f ; ALU/Rate Multipliers 
th strobed-latch f : 
wip alabeg atch tanclien eoaeise 4-bit arithmetic logic unit CD40181B 


4-digit decoder/driver with CD4057A 
hexidecimal display CbD22104V BCD rate multiplier CD4527B 
4-digit decoder/driver with Binary rate multiplier CD4089B 
decimal display CD22104A V Look-ahead-carry block CD401828 
4-digit decoder/driver with Parity Generator/Checker 
hexidecimal display CD22105 V 9-bit Cp40101B 
4-digit decoder/driver with 
decimal display CD22105A V Multiport Register 


4X4 CD40108B 
For Light-Emitting-Diode Drive 4X4 CD40208B 
BCD-to-7-segment latch decoder / 8X1 
driver CD4511B 8X1 CD40348 


CD4034A 
Multiplexers/Demultiplexers Quad Bilateral Switches 


Analog For transmission or multiplexing of CD4016B 


Triple 2-channel CD4053B igi i 01 
Differential 4-channel CD4052B ee aie Snes ray boa 


Single 8-channel CD4051B 

Differential 8-channel CD40978 veers 

Single 16-channel CD4067B Telecommunication Circuits 

Quad bilateral switch CD4016B Crosspoint Switches 

; CD4016A 4 X 4 crosspoint switch with 

Quad bilateral switch CD4066B control memory CD22100 V 
CD4066A 4 X 4 X 2 crosspoint switch with 

Digital (Data Selectors) control aeniery a CD22101 V 

Quad AND/OR select CD4019B 4 X 4 X 2 crosspoint switch with 

CD4019A control memory CD22102 V 





Dual 1-of-4 decoder/demultiplexer 
(outputs high) CD4555B HDOB3 Transcoder 
Dual 1-of-4 decoder/demultiplexer HDB3 transcoder for 
(outputs low) CD4556B 2.048/8.448 Mb/s transmission 
Quad 2-line-to-1-line CD40257B applications CD221037 
8-channel CD4512B BC Line’R 
: ne Repeater 
ihe aaa Loop cosea68 : PCM line repeater cp223017 
CD4046A 


. ‘ Timer/Driver 
Arithmetic Circuits 16-channel precision 


Adders/Comparators timer/driver cp22401% 
4-bit full adder with parallel carry 
out CD4008B PCM Data Filters 
CD4008A Pulse code modulation 5 
Triple serial adder, positive logic CD4032B sampled-data filters CD22413 | 
CD4032A Cd22414 
Triple serial adder, negative logic CD4038B Tone Generator 
CD4038A Dual-tone multifrequency 
4-bit magnitude comparator CD4063B tone generator CD22859 V 
CD4585B 


Vv 
Indicates types designed for special applications. Ratings and characteristics data for these types differ in some aspects from 
the standardized data for A- and B-series types. Refer to data pacjes on these types for specific differences. 
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CMOS LSI Products 


In addition to the logic and special-function integrated 
circuits listed in the preceding pages, RCA offers an all- 
CMOS line of microprocessor, memory and peripheral 
integrated circuits. 


The RCA CDP1800 series offers the most complete line 
of CMOS microprocessor and associated memory and 
peripheral devices in the industry. In addition to 
microprocessors and microcomputers, this product line 
includes a hardware multiply/divide unit (MDU), a 
programmable I/O, video and keyboard interface circuits, 
latches and decoders, a universal asynchronous receiver- 
transmitter (UART), buffers, separators, and a broad 
complement of directly interfaceable random-access 
memories (RAM’s) and read-only memories (ROM'’s). 


RCA also offers the CDP6800 family, a new series of 
pin-for-pin replacements for the MC146805 Series of 
CMOS microprocessors and peripherals primarily in- 
tended for single-chip system applications. 


CMOS LSI Products 

Part No. Description 

Microprocessors 

CDP1802A _—8-Bit 

CDP1802B_—8-Bit 

CDP1805C = 8-Bit with RAM 

CDP1805AC 8-Bit with RAM 

CDP1806C _‘8-Bit with Counter-Timer 

CDP1806AC 8-Bit with Counter-Timer 

CDP6805E2 8-Bit with RAM/I-O/Counter- 
Timer 

Microcomputers 

CDPI804A = 8-Bit with RAM/ ROM/Counter- 

Timer 

8-Bit with RAM/ROM/I-O/ 

Counter-Timer 

8-Bit with RAM/ROM/I-O/ 

Counter-Timer 


CDP6805F2 


CDP6805G2 


RAMs 
CDP1821 
CDP 1822 
CDP 1823 
CDP 1824 
CDP1826 
CDM6116 
CDM6117 
CDM6118 
MWSS101 
MWSSIOILA 
MWSS114 


CD4036A 
CD4039A 
CD4061A 
CD40061A 
CD40114B 


IK x1 
256x4 
128 x 8 
32x 8 
64x8 
2K x 8 
2K x8 
2K x8 
256 x4 
256x 4 
IKx4 


4x8 
4x8 
256 x 1 
256 x | 
16x4 


No. of Pins 





In addition to the memories designed to interface directly 
with CDP1800-series microprocessors, RCA also offers a 
line of general-purpose memories. 


For descriptive information on RCA microprocessor and 
memory circuits, refer to the RCA “CMOS-LSI” DATA- 
BOOK, SSD-260A. 


For the designers of microprocessor-based equipment 
and in support of the CDP1800-series microprocessors 
and associated memory and peripheral circuits, RCA 
provides a strong and extensive line of systems, system 
support components, system support software, system 
modules (including Microboard milliwatt computer 
systems), and other development aids. 


The RCA Microsystems DATABOOK SSD-270 provides 
detailed information on RCA Microprocessor-based 
development systems and Microboard computer modules. 


Part No. 


ROMs 
CDM5332 


Description 


Mask-programmable ROM 
512x8 
Mask-programmable ROM 
512 x 8 
Mask-programmable ROM 
16K x 8 
Mask-programmable ROM 
32K x 8 
Mask-programmable ROM 
512x8 
Mask-programmable ROM 
512x8 
Mask-programmable ROM 
IK x8 
Mask-programmable ROM 
IK x8 
Mask-programmable ROM 
1K x8 
Mask-programmable ROM 
2K x8 
Mask-programmable ROM 
4K x8 
Mask-programmable ROM 


2K x 8 
Input/Output Circuits 
CDP1851 Programmable 1/O (P10) 
CDP1852 Byte I/O - 8-Bit I/O Port 
CDP1853 Decoder - | of 8 
CDP 1855 Multiply/ Divide Unit (MDU) 
CDP 1856 Buffer - 4-Bit 
CDP1857 Buffer - 4-Bit 
CDP1858 Latch/ Decoder - 4-Bit 
CDP1859 Latch/ Decoder - 4-Bit 


CDM5333 


CDM53128 


CDM53256 


CDP1831 


CDP 1832 


CDP 1833 


CDP1833B 


CDP 1834 


CDP 1835 


CDP 1837 


CDP65516 





No. of Pins 








CMOS LSI Products (Cont'd) 


Part No. Description No. of Pins | Part No. Description No. of Pins 


























































CDP1861 Video Display Controller (VDC) CDP1874 High-Speed Input Port - 8-Bit 22 
CDP 1862 Color Generator Circuit 24 CDP1875 High-Speed Output Port 22 
CDP 1863 Programmable Frequency CDP 1876 Video Interface System (VIS) 40 
Generator 16 CDP1877 ~=Programmabie Interrupt 
CDP1864 PAL Video Display Controller Controller 28 
(VDC) 40 CDP 1878 Dual Counter-Timer 28 
CDP1866 —_ Latch/ Decoder - 4-Bit 18 CDP1879 — Real Time Clock 24 
CDP 1867 Latch/ Decoder - 4-Bit 18 CDP1881 Latch/ Decoder - 4-Bit 20 
CDP1868 Latch/ Decoder - 4-Bit 18 CDP1882 _—_Latch/ Decoder - 4-Bit 18 
CDP1869 Video Interface System (VIS) 40 CDP6818 Real Time Clock with RAM 24 
CDP 1870 Video Interface System (VIS) 40 CDP6823 Parallel Interface 40 
CDP1871A Keyboard Encoder, ASCII/ Hex 40 UARTs 
CDP 1872 High-Speed Input Port - 8-Bit 22 CDP1854A UART 40 
CDP1873 High-Speed Decoder - I of 8 16 CDP6402 _—Industry Standard UART 40 
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The QMOS Product Line 


RCA also offers the QMOS series of high-speed CMOS 
logic integrated circuits which include an extensive line of 
products that are pin compatible with many existing 
bipolar 54/74LSTTL and CMOS 4000 series of digital 
logic types. The new QMOS IC’s provide high-speed 
CMOS replacements for the most popular LSTTL devices 
in existing designs and also offer low-power all-CMOS 
designs for new digital systems. Key family features of the 
RCA QMOS types include: 


© High Noise Immunity for Optimum 
All-CMOS-System Compatibility — 
CD74/54HC Family 
Nit = 20% of Supply, NiH = 30% of Supply 


QMOS Products 








































Plastic Pkg. 













































































































































CD74HCOOE CDS54HCOOF CO74HCTOOE COS4HCTOOF 
CD74HCO2E CDS54HCO02F CD74HCTO2E CDS4HC T02F 
CD74HCO4E CDS4HCO4F CD74HCTO4E CDS4HCTO4F 
CD74HCO8E CD54HCO8F CD74HCTO8E CDS4HCTOSF 
CD74HC10E CDS4HC10F CD74HCT10E CDS4HCT10F 
CD74HC11E CD54HC11F CD74HCTIIE CD54HCTIHIF 
CD74HC14E CD54HC14F CD74HCT14E CDS4HCT14F 
CD74HC20E CDS4HC20F CD74HCT20E CDS4HCT20F 
CD74HC27E CO54HC27F CD74HCT27E CD54HCT27F 
CD74HC30E CODS54HC30F CO74HCT30E CDS4HCT30F 
CD74HC32E CDS54HC32F CD74HCT32E CDS4HCT32F 
CD74HC42E CD54HC42F CD74HCT42E CDS4HCT42F 
CO74HC73E CD54HC73F CO74HCT73E CDS4HCT173F 
CO74HC74E CD54HC74F CD74HCT74E CD54HCT74F 
CD74HC75E CDS4HC75F CD74HCT75E CDS4HCT75F 
CD74HC8S5E CDS4HC85F CD74HCT85E CDS54HCT85F 
CD74HC86E CD54HC86F CD74HCT86E CD54HCT&6F 
CO74HC107E COS4HC107F CD74HCTIO7E | CDS4HCTIO7F 
CD74HC109E CD54HC109F CD74HCT109E | CD54HCT109F 
CD74HC112E CD54HC112F CD74HCTI12E | CD54HCT112F 
CD74HC123E CD54HC123F CD74HCT123E | CD54HCT123F 
CD74HC132E CDS4HC132F CO74HCT132E | CD54HCT132F 
CD74HC138E COS4HC138F CD74HCTI38E | CDS4HCT138F 
CD74HC139E CD54HC139F CD74HCT139E | CD54HCT139F 
CD74HC147E CD54HC147F CO74HCT147E | CD54HCT147F 
CO74HC151E CDS4HC151F CO74HCT151E | CO54HCT151F 
CD74HC153E CD54HC153F CD74HCT153E | CD54HCT153F 
CD74HC154E CDS54HC154F CD74HCTIS54E | CD54HCT154F 
CD74HC157E CD54HC157F CDO74HCTI57E | CDS4HCT157F 
CD74HC158E CD54HC158F CD74HCT158E | COS4HCT158F 
CD74HC160E CD54HC160F CO74HCTIG0E | CD54HCT160F 
CD74HC161E CD54HC161F CD74HCTI61E | COS4HCT161F 
CD74HC162E CD54HC162F CD74HCT162E | CD54HCT162F 
CO74HC163E CDS4HC163F CO74HCTI63E | CO54HCT163F 


CO74HC164E CD54HC164F CD74HCTI64E | COS4HCT164F 













































CD74HC165E COS4HC165F CD74HCTI65E | COS4HCT1I65F 
CO74HC166E CDS4HC166F CD74HCT166E | CD54HCT166F 
CD74HC173E CD54HC173F CD74HCTI73E | CD54HCT173F 
CD74HC174E CDS54HC174F CO74HCTI74E | COS4HCT174F 
CD74HC175E CD54HC175F CD74HCT175E | CD54HCT175F 
CD74HC190E CDS4HC190F CD74HCT190E | CO54HCT190F 
CD74HC1IS1E COS4HCI191F CD74HCTISIE | CDS4HCTI91F 
CD74HC192E CD54HC192F CD74HCT192E | CD54HCT192F 
CD74HC193E CD54HC193F CD74HCT1I93E | CD54HCT193F 
CD74HC194E CD54HC194F CD74HCT1I94E | CO54HCT194F 





CMOS Logic TTL Logic 





































¢ Direct LSTTL Input Logic Level Compatibility 

as well as CMOS Input Compatibility — 

CD74/54HCT Family 

(Can replace LSTTL or be mixed with LSTTL IC’s.) 

Vit = 0.8 V max., ViH = 2 V min. 

2 to 6 V Operation — GD74/54HC Family 

4.5 to 5.5 V — CD74/54HCT Family 

Gate Propagation Delay of 8 ns typ., CL=15 pF 

Balanced High-to-Low and Low-to-High 

Propagation Delays 

© Significant Power Reduction Compared to LSTTL 
Bipolar Logic IC’s 

e Alternate Sourced 


For descriptive information on the RCA QMOS series, 
refer to the RCA DATABOOK “QMOS High-Speed 
CMOS Logic”, SSD-290. 


Description 


Quad 2-Input NAND Gate 
Quad 2-Input NOR Gate 
Hex Inverter/Buffer 

Quad 2-input AND Gate 
Triple 3-Input NAND Gate 


Triple 3-Input AND Gate 
Hex Schmitt Trigger Inverter 
Qua! 4-!nput NAND Gate 
Triple 3-Input NOR Gate 
8-!Input NAND Gate 


Quad 2-Input OR Gate 

BCD-to-Decimal Decoder 

Duat J-K Flip-Flop w/CLEAR 

Dual D Flip-Flop w/PRESET and CLEAR 
4-Bit Bistable Latch 


4-Bit Magnitude Comparator 
Quad 2-Input Excl. OR Gate 
Dual J-K Flip-Flop w/CLEAR 
Dual J-K Flip-Flop w/PRESET and CLEAR 
Dual J-K Flip-Flop w/PRESET and CLEAR 


Dual Retriggerable Monostable Multivibrator 
Quad 2-Input NAND Schmitt Trigger 

3-to-8 Line Decoder 

Dual 1-of-4 Line Decoder 

10-to-4 Line-Priority Encoder 


8-Channel Digital Multipiexer 

Dual 4-Input Multiplexer 
4-to-16-Line Decoder 

Quad 2-Input Multiplexer 

Quad 2-Input Multiplexer, Inverting 


BCD Decade Counter, Asynchronous Reset 
4-Bit Binary Counter, Asynchronous Reset 
BCD Decade Counter, Synchronous Reset 
4-Bit Binary Counter, Synchronous Reset 
8-Bit Serial-to-Parailel Shift Register 


8-Bit Parallei-to-Serial Shift Register 

8-Bit Serial/Parallel In, Serial Out Shift Register 
Quad D Flip-Flop, 3-State 

Hex D Flip-Flop w/CLEAR 

Quad D Flip-Flop w/CLEAR 


Async. Presettable BCD/Decade Up/Down Counter 
Presettable Sync. 4-Bit Binary Up/Down Counter 
Synchronous Decade Up/Down Counter 
Synchronous Binary Up/Down Counter 

4-Bit Bidirectional Universal Shift Register 



























The QMOS Product Line (Cont'd) 

























































CMOS Logic TTL Logic 


Plastic Pkg. —_—sCERDIP Plastic Pkg. | |[CERDIP | Description 


CD74HC195E CD54HC195F CD74HCT1I95E | CD54HCT195F 16 4-Bit Paratiel Shitt Register 

CD74HC221E CD54HC221F CO74HCT221E |CDS4HCT221F 16 Dual Monostable Multivibrator 
CO74HC238E CD54HC238F CD74HCT238E {CO54HCT238F 16 1-of-8 Decoder 

CO74HC240E CD54HC240F CO74HCT240E | CD54HCT240F 20 Octal Buffer Line Driver, 3-State, inverting 
CD74HC241E CD54HC241F CD74HCT241E | CDS54HCT241F 20 Octal Butfer Line Driver, 3-State 


CD74HC242E CD54HC242F CO74HCT242E | CDS4HCT242F 14 Quad-Bus Transceiver, 3-State, Inverting 
CD74HC243E CD54HC243F CD74HCT243E |COS4HCT243F 14 Quad-Bus Transceiver, 3-State 
CD74HC244E CD54HC244F CD74HCT244E |CD54HCT244F 20 Octal-Buffer Line Driver, 3-State 
CD74HC245E CD54HC245F CO74HCT245E | CDS54HCT245F 20 Octal-Bus Transceiver, 3-State 
CD74HC251E CDS54HC251F CDO74HCT251E |CDS4HCT251F 16 8-Channel Multiplexer, 3-State 


CD74HC253E CD54HC253F CO74HCT253E | CD54HCT253F 16 Duat 4-Input Multiplexer, 3-State 
CD74HC257E CDS4HC257F CD74HCT257E | CDS54HCT257F 16 Quad 2-Input Multiplexer, 3-State 
CO74HC259E CDS54HC259F CDO74HCT259E | CD54HCT259F 16 8-Bit Addressable Latch 
CO74HC266E CD54HC266F CD74HCT266E | COS54HCT266F 14 Quad 2-Input Excl. NOR 
CD74HC273E CD54HC273F CO74HCT273E {CD54HCT273F 20 Octal D Flip-Flop w/CLEAR 


CD74HC280E CD54HC280F CO74HCT280E |{CDS54HCT280F 14 8-Bit Odd/Even Parity Generator/Checker 
CD74HC297E CO54HC297F CD74HCT297E | CO54HCT297F 16 Digital Phase-Locked Loop Filter 

CD74HC299E CD54HC299F CD74HCT299E |} CD54HCT299F 20 8-Bit Universal Shift Register 

CO74HC354E COS54HC354F CO74HCT354E J CD54HCT354F 20 8-Input Multiplexer, Latched-Data, 3-State 
CD74HC356E CO54HC356F CD74HCT356E | CD54HCT356F 20 8-input Multiplexer, Clocked-Latched-Data, 3-State 


CD74HC365E COS4HC365F CD74HCT365E | CDS54HCT365F 16 Hex 3-State Buffer 
CO74HC366E CD54HC366F CD74HCT366E [| CD54HCT366F 16 Hex 3-State Buffer, Inverting 
CD74HC367E CD54HC367F CD74HCT367E | CD54HCT367F 16 Hex 3-State Buffer 
CD74HC368E CDS54HC368F CD74HCT368E | CO54HCT368F 16 Hex 3-State Buffer, Inverting 
CD74HC373E CD54HC373F CD74HCT373E |CD54HCT373F 20 Octal Transparent Latch 3-State 


CD74HC374E CD54HC374F CD74HCT374E | CD54HCT374F 20 Octal D Flip-Flop, 3-State 

CD74HC377E COS4HC377F CD74HCT377E | CDS54HCT377F 20 Octal D-Type Flip-Flop with Data Enable 
CD74HC384E COS4HC384F CD74HCT384E | CD54HCT384F 16 8-Bit Serial Multiplier 

CO74HC390E COS4HC390F CO74HCT390E {CD54HCT390F 16 Dual Decade Counter 

CD74HC393E CD54HC393F CD74HCT393E JCDS4HCT393F 16 Dual 4-Bit Binary Counter 


CD74HC423E CDS4HC423F CO74HCT423E |(CDS54HCT423F 16 Dual Retriggerable Monostable Multivibrator 
CD74HC533E CD54HC533F CD74HCT533E | CD54HCT533F 20 Octal Transparent Latch, 3-State, Inverting 
CD74HC534E = CDS4HC534F CD74HCTS34E | CDS54HCTS34F 20 Octat D Flip-Flop, 3-State, Inverting 
CD74HCS40E. CDS4HC540F CO74HCTS40E |CDO54HCTS40F 20 Octal Buffer Line Driver, 3-State, inverting 
CO74HC541E CDS54HC541F CD74HCTS41E JCOS54HCTS541F 20 Octai Buffer Line Driver, 3-State 


CD74HCS63E CDS4HC563F CO74HCTS63E |CDOS4HCTSE63F 20 Octal Transparent Latch, 3-State, inverting 
CO74HCS564E CDS4HC564F CD74HCT564E | CO54HCT564F 20 Octal O Flip-Flop, 3-State, Inverting 
CO74HCS573E CD54HC573F CD74HCT573E |CD54HCT573F 20 Octa! Transparent Latch, 3-State 
CD74HC574E CDS4HC574F CD74HCT574E ~|CDS4HCT574F 20 Octal D Flip-Flop, 3-State 

CD74HC640E CDS4HC640F CO74HCT640E |COS4HCT640F 20 Octal Bus Transceiver, 3-State, Inverting 


CD74HC643E CDS4HC643F CDO74HCT643E |CD54HCT643F 20 Octal Bus Transceiver, 3-State 
CD74HC646E COS4HC646F CO74HCT646E [COS4HCTE46F 20 Octal Bus Transceiver, 3-State 
CD74HC648E CDS4HC648F CO74HCT648E | CDS4HCT648F 20 Octal Bus Transceiver, 3-State, Inverting 
CD74HC670E CDS4HC670F CD74HCT670E |CDS4HCT670F 16 4x 4 Register File, 3-State 
CO74HC688E CDS4HC688F CO74HCT688E jCD54HCT688F 20 8-Bit Equality Comparator 


CD74HC4002E §9=6CD54HC4002F | CO74HCT4002E |CD54HCT4002F 14 Oual 4-!nput NOR Gate 

CD74HC4015E 9 =CDS4HC4015F | CD74HCT4015E |CDS54HCT4015F 16 Dual 4-Stage Serial In/Parallet Out Shift Register 
CO74HC4016E 9 CDS4HC4016F | CD74HCT4016E |CDS4HCT4016F 14 Quad Bilateral Switch 

CD74HC4017E 9=CDS4HC4017F | CO74HCT4017E [CD54HCT4017F 16 Decade Counter/Divider 

CD74HC4020E 9=CDS4NC4020F | CDO74HCT4020E |CD54HCT4020F 16 14-Bit Binary Counter 


CD74HC4024E 9CDS54HC4024F | CD74HCT4024E |CD54HCT4024F 14 7-Stage Binary Counter 
CD74HC4040E 9 CDS4HC4040F | CD74HCT4040E |CD5S4HCT4040F 16 12-Bit Binary Counter 
CD74HC4046E 9 9CDS54HC4046F | CO74HCT4046E {[CDS4HCT4046F 16 Phase-Locked Loop 
CD74HC4049E 9=CD54HC4049F _ - 16 Hex Buffer, Inverting 
CD74HC4050E 9 CD54HC4050F = 16 Hex Buffer 


CD74HC4051E CD54HC4051F COS4HCT4051F 16 8-Channel Analog MUX/DEMUX 
CO74HC4052E 9 CD54HC4052F CDS4HCT4052F 16 Dual 4-Channel Analog MUX/DEMUX 
CD74HC4053E 9CD54HC4053F CDS4HCT4053F 16 Triple 2-Channel Analog MUX/DEMUX 
CD74HC4060E CD54HC4060F COS4HCT4060F 16 14-Stage Binary Counter w/Oscillator 
CD74HC4066E 9 CDS54HC4066F CDS4HCT4066F 14 Quad Bilateral Switch 


CD74HC4067E CDS54HC4067F CDS4HCT4067F 24 16-Channel Analog Muitiplexer/Demuitiplexer 
CD74HC4075E 3=CD54HC4075F CDS4HCT4075F 14 Triple 3-tnput OR Gate 

CD74HC4094E CD54HC4094F ICOS4HCT4094F 16 8-Stage Shift-and-Store Bus Register 
CO74HC4511E COS4HC4511F COS4HCT4511F 18 BCD-to-7-Segment Latch/Decoder/Driver 
CD74HC4514E 9 CD54HC4514F ICDS4HCT4514F 24 4-to-16-Line Decoder w/Latch 


CD74HC4518E 9 CD54HC4518F ICD54HCT4518F 16 Oual BCD Up Counter 

CD74HC4520E 9 CDS54HC4520F | CD74HCT4520E ICDS4HCT4520F 16 Dua! Binary Up Counter 

CD74HC4538E 9 CDS54HC4538F | CD74HCT4538E JCD54HCT4538F 14 Dual Retriggerable Precision Monostable Multivibrator 
CD74HC40102E CD54HC40102F] CD74HCT40102E|CD54HCT40102F 16 Dual Decade BCD Down Counter 

CO74HC40103E CD54HC40103F | CD74HCT40103E|CD54HCT40103F 16 8-Bit Binary Down Counter 

CD74HC40104E ~CD54HC40104F] CO74HCT40104EICD54HCT40104F 16 4-Bit Bidirectional Universal Shift Register, 3-State 
CD74HC40105E CD54HC40105F] CD74HCT40105EICD54HCT40105F 16 FIFO Shift Register 












































































































































































































CO74HCT4051E 
CD74HCT4082E 
CD74HCT4053E 
CD74HCT4060E 
CD74HCT4066E 


CD74HCT4067E 
CD74HCT4075E 
CO74HCT4094E 
CO74HCT4511E 
CD74HCT4514E 


CD74HCT4518E 






























































Note: Add package suffix code to part number on all orders. 
E=Dual-in-Line Plastic Package—Temp. Range=—40°C to +85°C. 
F=Dual-In-Line Frit-Seal Ceramic Package (CERDIP)— Temp. Range=—55° C to + 125°C. 
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D Suffix 
Ceramic Dual-In-Line Packages 


Welded-Seal 14,16,24, 18, 22, 24, 40-Lead 
and 28-lead Versions Side-Brazed Versions 


F Suffix K Suftix 
Frit-Seal Ceramic Dual-in-Line Packages Ceramic Flat Packages 





14,16, and 24-lead Versions 14, 16, and 24-lead Versions 


Ordering Information 


Most RCA CMOS integrated circuits are available in the 
following package styles and are identified by the Suffix 
Letters indicated below: dual-in-line ceramic, dual-in-line 
frit-seal ceramic, dual-in-line plastic, ceramic flat package, 
andin chip form. Some types are only avaitable in one or two 
package styles. The available package styles for any specific 
type are given in the technical data for this type. 

When order CMOS devices, it is important that the appropri- 
ate suffix letter be affixed to the type number of the device 
required. For example, a CD4016B in a dual-in-line ceramic 
package will be identified as the CD4016BD. 


Suffix 
Package Letters 


Dual-In-Line Welded-Seal or 
Side-Brazed Ceramic 

Dual-in-Line Frit-Seal Ceramic 

Dual-iIn-Line Plastic 

Ceramic Flat Package 

TO-5 Style 

Chip 


E Suffix 
Plastic Dual-In-Line Packages 


MiniDIP 


8,14,16,18,22,24, and 40-lead Versions 


T Suffix 
12-Lead TO-5 Style Package 


CD4024A and CD4062A only 


H Suffix 
CMOS Chip 





H=AtB4+C 


92CS-24757 


Oual 3-Input NOR Gate 
Plus Inverter 


CD4000A 


CD40008 
CD4000UB 


(Page 478) 
(Page 58) 
(Page 62) 


7? 


Vgst7 
92CS- 25035 
Voo?!4 


Dual Complementary Pair 
Ptus Inverter 


CD4007A 
Cp4007UB 


(Page 484) 
(Page 70) 


92CS-24763 


Quad 2-input NAND Gate 
CD4011A (Page 492) 
Cp4011B (Page 82) 
CD4011UB (Page 86) 





92CS-24762 


Quad 2-input NOR Gate 


CD4001A 
C04001B 
CD4001U8 


HIGH SPEEO|(CARRY- 14 
Fim 


(Page 478) 
(Page 58) 
(Page 62) 





{CARRY IN) 
92C5- 25977R2 


4-Bit Full Adder with 
Paraile! Carry Out 


CD4008A 


(Page 487) 
CD4008B 


(Page 74) 


92CS- 24759 


Dual 4-Input NAND Gate 
CD4012A (Page 492) 
CD40128 {Page 82) 
CD4012UB (Page 8&6) 





Functional Diagrams 


92CS- 24758 
Dual 4-input NOR Gate 


CD4002A 
CD4002B 
CD4002UB 


(Page 478) 
(Page 58) 
(Page 62) 


NC =13 
925S-4140R2 


Hex Buffer/Converter 
inverting Type 


CD4009A 
CD4009UB 


(Page 489) 
(Page 78) 


92CS—25046 


Dual “‘D” Flip-Flop with 
Set/Reset Capability 


CD4013A (Page 495) 
CD4013B (Page 90) 


STAGE STAGE 


92CS~25049R1 Vss 
18-Stage Static Shift 
Register 


CD4006A 
CD4006B 


{Page 481) 
(Page 





9275-27407 
Hex Buffer/Converter 
Non-tnverting Type 


(Page 489) 
(Page 78) 


CD4010A 
CD40108 


PaR.in. “OD 


(2345678 


92CS-25047 


8-Stage Synchronous Shift 
Register with Parallel or 
Serial Input/Serial Output 


CD4014A (Page 498) 
CD4014B (Page 94) 

















Functional Diagrams 


IN/OUT 
SIG A 


OUT/IN 


OUT/IN 
SIG B 


IN/OUT IN/OUT 


sig 0 


CONT _S OUT/IN 


OUT/IN 
sig c 


IN/OUT 


92CS- 25048 92CS-21627 


Vss 
Dual 4-Stage Static Shift Register 
with Serial Input/Parallel Output 


CD4015A (Page 500) 
CD4015B (Page 99) 


Quad Bilateral Switch 


CD4016A 
CD4016B 


(Page 503) 
{Page 103) 


INPUT 
PULSES 


!2 BUFFERED OUTPUTS 


=2 
92CS-25036 92CS-25053R2 


Vss 
Quad AND/OR Select Gate 


CD4019A (Page 514) 
C040198 (Page 118) 


14-Stage Binary Ripple Counter 


CD4020A (Page 516) 
CD4020B {Page 122) 


7 BUFFERED OUTPUTS 


NC=8,10,13 


92CS- 24761 Vss 
92CS-25051R3 
Triple 3-Input NAND Gate 


7-Stage Rippie-Carry 
CD4023A (Page 492) Binary Counter/Divider 
cD4023B (page 82) 


CD4024A (Page 525) 
CD4023UB (Page 86) CD4024B (Page 122) 


JAN 
INPUTS 


CLOCK 


crock _!3 
tNHIBIT 


REseT— 


PRESET 
ENABLE 19 


DECOOED DECIMAL OUT. 


BUFFERED OUT. 


92cS-25072R2 92CS$-25074 


Vss 
Decade Counter/Divider with 
10 Decoded Decimal Outputs 


CD4017A (Page 507) 
CD4017B (Page 108) 


Prasettable Divide-by-“N’”’ 
Counter Fixed or Programmable 


CD4018A (Page 511) 
CD4018B (Page 113) 


PAR.IN. 
12345678 


CLOCK 


CLOCK 
INHIBIT 


RESET 


DECODED OUT. 


a 
2 
° 
a 
W 
x 
WW 
we 
w 
> 
a 


92CS-25047 


8-Stage Static Shift Repister 
Asynchronous Paraliel or aed 2cvaae OUT 
Synchronous Serial Input/ Divide-by-8 Counter/Divider with 
Seriai Output 


8 Decoded Decimal Outputs 
CD4021A 


C€D4021B 


(Page 519) CD4022A 


ie 34) (Page 522) 
age 


(Page 108) 


CLOCK 
INHIBIT 


15, 
RESET 


7? DECODED OUTPUTS 


3 


OISPLAY 
ENABLE 
IN 








UT 
i@ 
UNGATED "C" 
a SEGMENT 


92CS- 24760 Yss__ 92cs-2s078a 
Triple 3-Input NOR Gate Decade Counter /Oivider with 7- 


Segment Display Outputs and 
CD4025A (Page 478) 


Display Enable 
C04025B (Page 58) CD4026A (Page 528) 
©D4025UB (Page 62) CD4026B (Page 126) 








92CS-17187Rt 
Dual J-K Master-Slave 
Flip-Flop with Set-Reset 
Capability 
(Page 532) 
(Page 132) 


CD4027A 
CD4027B 


RECIRC , 
DATA2 
IN 


CLOCK 
IN 


DELAYED 
CLOCK 
Yoo * 6 our 


Ygg* 8 

NC # 3,4,11,12,13,14 S7ce 35058 

64-Stage Static Shift 
Register 


CD4031A 


(Page 543) 
C04031B 


(Page 149) 


PARALLEL IN 


O78, 02/8. 03/03 06/04 


TC" OUT 
9205 -:9966R) 
4-Stage Parallel In/Paralie! 
Out Shift Register with 
J-K Seriat inputs and True/ 
Complement Outputs 


CD4035A 


(Page 553) 
CD4035B 


(Page 164) 








BUFFERED 
OCTAL 
DECODED 
OUTPUTS 
OF 8) 


BUFFERED 
DECIMAL 
DECODED 
ouTPuTs 
(SOF 10} 


92C5-19)3" 


8CD-to-Decimal Decoder 


CD4028A 


(Page 535) 
CD4028B 


(Page 136) 


INVERT, 


Ae 
82 
INVERT 2 


INVERT y 
Cu 
CARRY RESET § 
Vg °8 


Vop 216 9208-17663 


Tripie Serial Adder 
Positive Logic 


CD4032A 


{Page 546) 
CD4032B 


(Page 154) 


Se 


cs ANO/OR PAIR 
(Ca 


Pees 


AND/OR PAIR 
9205-19953R2 


Triple AND/OR Bi-Phase 
Pair 


D4037A (Page 556) 


Functional Diagrams 


BINARY/ 
DECADE 9 


9208 -17:90R3 
Presettable Up/Oown Counter, 
Binary or BCD-Decade 


CD4029A (Page 538) 
CD4029B8 (Page 140) 


CLOCK 
INHIBIT 


7 DECODED OUTPUTS 


RIPPLE 
BLK 
aN 


Vss 
Decade Counter/Divider 
with 7-Segment Display 
Outputs and Ripple Blanking 
CD4033A (Page 528) 
(Page 126) 


Vg5 78 
MOD 928-7663 
Triple Seria) Adder 


Negative Logic 


CD4038A 


(Page 546) 
C04038B 


(Page 154) 


L=E@F 
M: G@H 


92CS -17410R1 


Quad Exclusive-OR Gate 


CD4030A (Page 541) 
CD4030B (Page 146) 


STEERING 


STAGES 


A DATA LINES 


92C$-29108 
8-Stage Static Bidirectional 
Parallel/Serial Input/Output 
Bus Register 


CD4034A (Page 549) 
C04034B (Page 158) 


!2-STAGE 
« RIPPLE 
COUNTER 


12 BUFFERED OUTPUTS 








8 
Vs 92CS-29066RI 


12-Stage Ripple-Carry Binary 
Counter/Divider 


CD4040A 


{Page 558) 
CD40408 


(Page 122) 





Functional Diagrams 


Yss*7 
Voo 214 
92cs-20034R! 


Quad True/Complement 
Bufter Quad Clocked “’D” Latch 


CD4042A (Page 565) 


CD4041A CD4042B (Page 172) 


CD4041UB 


(Page 561) 
(Page 169) 








9, 5.6,9,1011 12,13 
NO CONNECTION 


92CS- 29107 


21-Stage Counter 


92CS- 2019) 


ENABLE 92cs-20221R) 


Vss 
Quad 3-State NOR R/S 
Latch 


CD4043A 
CD40438 


(Page 568) 
(Page 176) 


SIGNAL 
IN 


a SOURCE 


FOLLOWER 
ae 





ENABLE 


92cs- 
Vss $-20222 


Quad 3-State NAND R/S 
Latch 
CD4044A 
CD40448 


(Page 568) 
(Page 176) 


: 
$¥ss 92CS8- 29172 


Micropower Phase-Locked Loop 


CD4045A 
CD4045B 


C- Timing — 


(Page 571) 
(Page 180) 


R- TIMING 





RC 
COMMON [> 
© ASTABLE | » 
L 
ASTABLE "| 


Gate 
eens TR 
agtaace SOMTAOL 


= TRIGGER 
MONOSTABLE| 


@LssER CONTROL: 


OSCILLATOR OUT 


FREQUENCY 
DIVIDER 


Yr 
MULTIVIGRATOR {-2) 














BRE TEscES RETRIGGER 
CONTROL 








EXTERNAL 





® RESET ! 


{ 





g2cs-29071 


Low-Power Monostable/Astable 
Multivibrator 


CD4047A 
CD40478 


(Page 579) 
(Page 190) 


CD4046A 
cD40468 


BINARY CONTROL INPUTS 
—_—_—_" 
FUNCTION CONTROL 


poe Oceans a 
Ka Kp Ke Kg 3-STATE 


CONTROL 


92Cs-22249 Vgsi8 


Voo* 16 
Multi-Function Expandable 


8-Input Gate 


CD4048A 
CD4048B 


(Page 585) 
(Page 197) 


{Page 574) 
(Page 184) 


9208-27506 
Hex Buffer/Converter 
Inverting Type 


CD4049A (Page 590) 
CD4049UB (Page 202) 











CHANNELS 
iIN/OLT 


CONTROL { 


Vss os 92CS - 26372 
NC =13 
NC =16 

Hex Buffer/Converter 
Non-Inverting Type 


CD4050A (Page 590) CD4051B (Page 206) 
CD40508 (Page 202) 


9205-27507 
Single 8-Channe! Analog 
Multiplexer/Demultiptexer 


ax 


IN/OUT {a 
bx ax OR ay OUT/IN 


IN/OUT { bx OR by OUT/IN 
cx OR cy OUT/IN 
IN/OUT { 


Vp = 16 
CONTROL Vgg5 78 
Veg #7 

92CS - 22708R) 


Triple 2-Channel 
Multiptexer/Demultiplexer 


CD4053B (Page 206) 


VEE 





LEVEL SHIFTERS 


DECODER 


BCO TO 
7- SEGMENT 


FREQ.IN 


DISPLAY DRIVERS 


92CS- 20092Rt OISPLAY- 


= (J FREQ. OUT 

BCO-to-7 -Segment Decoder /Driver 

with “Display-Frequency” Output 
Liquid-Crystal Display Driver 

C04055B (Page 213} 





Functional Diagrams 


oa 
COMMON 
OUT/IN 


x 
CHANNELS 
IN/OUT 


| 
2 
3 
ie) 


Hye 
CHANNELS ye 
IN/OUT COMMON 
OUT/IN 


CONTROL 


92CS - 26373 


Differential 4-Channe! Analog 
Multiptexer/Demultiplexer 


CD4052B (Page 206) 


OO aia 


LEVEL SHIFTERS 
DISPLAY DRIVERS 





QISPLAY- 
FREQ, IN 


ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 92CS~20090R2 


4-Segment Liquid-Crystal 
Display Driver 
C04054B (Page 213) 


(ss OS @"o 
----$= a 


BCO 
INPUTS 
7- 


EGMENT 
OUTPUTS 


LEVEL SHIFTERS 


8CD-TO- 
7-SEGMENT 


DECODER 
DISPLAY DRIVERS 


DISPLAY - 
FREQ. IN 





E037 MS PROTECTION NEEWORK 92¢8-20091R2 
BCD-to-7-Segment Decoder/Driver 
with Strobed-Latch Function 
Liquid-Crystal Dispiay Driver 
CD4056B {Page 213) 











Functional Diagrams 


ROTATE -! 
tol) 


jee ike 


AND 


MOE 


PARALLEL DATA 
IN/OUT LINES, 








eas" | 
eas" | 
Nos 


REGISTER REGISTER 
CELL. CELL 
Woz Na! 





DITIONAL 





GATING 


HME THC 
ceu. 
nad 


TO CARRY qo canny 
QUT LOG LOGIC 


TO CARRY 
OUT LOGIC 





CARAY OUT 
LOCK 











OvERrLOW LEFT NEG 
SER IND 


ONE 


PROGRAM JAM NPUTS LOCO) 


een aE nna EET 
BODB®G OOO®@ 
ry We) ed Wc) ee) 





PRESET TABLE 


Logic 





ray 


COUNTING aa COUNTING ae 


SECTION 
210,8,5,4.2 





RECOGNITION 


PRESET 
ENABLE 


Laton 
enasce @ 


Programmable Divide-by-"’N”’ 
Counter 


CD4059A 


200 DYNAMIC 


92CS~ 24664 


200-Stage Dynamic 
Shift Register 


CD4062A (Page 612) CD4063B 


(Page 601) 


Vsg*8 
92CS-24516R) 


4-Bit Magnitude Comparator 


(Page 222) 


COUNTING 
‘SECTION 
=4,2 2.4.68 





OIVIDE -8Y - 
TPT 


o2cm:2ezr ans 


tN/OUT 
SIGA 


OUT/IN 


92cM-20070R1 


IN/OUT 
SiG D 
OUT/IN 


OUT/IN 
SiG C 


IN/OUT 
92CS-21627 


Quad Bilateral Switch 


CD4066A 
CD4066B 


{Page 616) 
(Page 226) 





4-Bit Arithmetic Logic Unit 
CD4057A (page 593) 


RIPPLE 
COUNTER 
AND 


92CS-29073R1 


14-Stage Rippie-Carry 
Binary Counter/Divider 
and Oscillator 


CD4060A (Page 609) 
CpD40608 (Page 218) 


1 OF 16 DECODERS 


92CS-24924RI 


16-Channel 
Multiplexer /Demuitiplexer 


CD40678 (Page 231) 








za nm OOD wr 


6,8*NO CONNECTION 


92CS-23874R3 


8-Input NAND/AND Gate 
CbD4068B8 (Page 237) 


xO 7M MP 


92CS-27686 


Dual 4-Input OR Gate 
C€D4072B (Page 246) 


OATA INPUT 
OISABLE 
GI 


Vpp7!4 


Vsg:? 
Ss 92CS-23737R2 


Hex Inverter 
CD4069UB (Page 240) 


92Cs-27571 


Triple 3-Input AND Gate 
CD4073B {Page 250) 


OUTPUT 
OISABLE 


92CS-249885RAI 


4-Bit D-Type Register 


CD4076B 


(Page 254) 


Functional Diagrams 


M=GQ@)H 
Ls E@F 


92CS - 24566R2 


Vss*7 
Voo7!4 


92CS-27685 


Quad Exclusive-OR Gate 
CD4070B (Page 243) 


Quad 2-tnput OR Gate 
CD4071B (Page 246) 


Cc 
8 
A 
t 
€ 
o 
I 
al 
G 


92CS-27687 


Triple 3-input OR Gate 
CD4075B (page 246) 


JPAtBtC+Dt+E+F +G+H 
KzAtBtC+DtEtF+G+H 
6,8=NC 

Voo = '4 


Vss 77 


92CS — 2449 7R2 92CS - 23877R4 


Quad Exclusive-NOR Gate 
cb40778 (Page 243) 


8-Input NOR/OR Gate 
CD40788 (Page 258) 














Functional Diagrams 


zremmoo wep 


9205-27583 


Quad 2-input AND Gate 


C04081B (Page 250) 


ENABLE/EXP 


ronm PoOoo 


92cs-27570 


Dual 4-input AND Gate 


CD4082B (Page 250) 


LOGIC | # HIGH 
LOGIC O# LOW 


Vpo 714 
Veg 77 
NC 24 


INHIBIT; 
Al 
BI 


cl 
Ot 


INHIBIT? 


A2 
82 


E = INHIBIT 4 AB+CO 
LOGIC 1 # HIGH 
LOGIC OF LOW 


92CS- 23890R2 
Dual 2-Wide, 2-Input 


AND-OR-INVERT (AQ!) 
Gate 


CD4085B (Page 261) 


BINARY RATE 


oc 
cLocK SELECT INPUTS crpope 


SELECT 
LOGIE 


BINARY "RATE 
OUTPUTS 
COUNTER 


"18" OUT 
INHIBIT (CARRY OUT 


92C5-2500eR: 


92CS-23870RI 


J=INH + ENABLE + AB+CO+ EF + GH 
Expandable 4-Wide, 2-input 
AND-OR-INVERT (AOl) 
Gate 


CD4086B 


(Page 265) 


SERIAL 
OUTPUTS 


s-stace |!'2-a5 


SHIFT 
CLOCK 3] pecister a's 


8-BIT 
STORAGE 
REGISTER 


OUTPUT 
ENABLE 15} 3-STATE 
OUTPUTS 


Vpp 216 
Vsg 78 


Vgg =7 
PARALLEL OUTPUTS Qi-Q8 NC =I 
92CS-24427RI 
(TERMINALS 4,5, 6, 7, 14,13, 12, tt, 
RESPECTIVELY) 


Binary Rate Multiptier 


CD4089B (Page 269) 


9208-23880 
Quad 2-Input NAND 


Schmitt Trigger 
CD4093B (Page 274) 


Voo *!4 
Vgg =? 
NC =i 
92CS - 24430R1 


92CS - 2456481 
8-Stage Shift-and-Store 
Bus Register 


CD4094B (Page 278) 


Gated J-K Master-Slave 
Flip-Flop, Non-Inverting 
inputs 


CD4095B (Page 282) 


Gated J-K Master-Slave 
Flip-Flop, Inverting and 
Non-Inverting Inputs 


CD4096B (Page 262) 











x 


ne dk l 


7 
Le] 
| 





Y | 
IN/OUT 
? 
Vop 7 24 


Vgg #12 


t x 
OUT/ IN 


an 


92C3-24980R2 


Differential 8-Channel 
Multiplexer /Oemultiplexer 


cp4097B 


THREE-STATE 
OUTPUT _4 
DISABLE PF 


{INHIBIT 


Vopt'6 
vss-:8 


92C$-2292IR1 


Strobed Hex Inverter/Buffer 
CD4502B (Page 295) 


PRESET 
ENABLE 
Pl 
P2 
P3 
P4 
Vop *!6 
CLOCK 
UP/DOWN 


Vss-a 


CARRY IN CARRY OUT 


RESET 92CS- 24824 


BCD Presettable Up/Down 
Counter 


C045108 (Page 305) 


(Page 231) 


DISABLE 
A 


DI 


DISABLE 
[G*Vpp 8*Vsg 92cs-32392RI 
Hex Buffer 


3-State Non-Inverting 
CD4503B (Page 298) 


8CD 
INPUTS 


LE/STROBE 


Vss*8 
Vpp2!6 


Functional Diagrams 


WRITE DISABLE 


OMIOAPr @ 


Cxe2 Rx2 Yoo 
9205-24253 
Dual Monostable 
Multivibrator 8-Bit Addressable Latch 


CD40988 (Page 286) CD4099B (Page 291) 


92CS 274agdR: 


Dua! 4-Bit Latch 
CD4508B {Page 301) 


7-SEGMENT 
OUTPUTS 


3-STATE OISABLE 
INHIBIT 


CHANNEL 
INPUTS 
14 SELECT 
ouTPuT 


Yop" 6 
Vgs @ 
cp4si28 


9203-28929 


92C5- 25083R2 


BCD.-to-7-Segment 
Latch Decoder Driver 8-Channel Data Selector 


045118 


(Page 311) CD4512B (Page 316) 








PRESET 
ENABLE 
PI 
P2 
P3 
Pa 

Vop #16 

CLOCK Vs5 +6 
UP/OOWN 


CARRY IN CARRY OUT 


RESET 9205-24824 


92CS - 24697 
Binary Presettable Up/Down 


4-Bit Latch/4-to-16 
Counter 


Line Decoder 
CD4514B (Page 319) CD4515B (Page 319) C04516B (Page 305) 
Output “’High’’ on Select Qutput “Low” on Select 


CLOCK A 
I 
ABCD lio 


2 
ENABLE A la be 3 
R 9 


RESETA 
7 


CLOCK B 
9 +10, 
26 


10 
ENABLE 8 





R INHI@IT (CARRY) OUT 


RESET 8 J : 92CS- 24913AI 


92¢8- 24506R1 





Dual Up Counter 


CD4518B8 (Page 328) 
BCD 


CD4520B (Page 328) BCD Rate Multiplier 
Binary 
CD4527B (Page 333) 


8- BYPASS 


OF iN Vgg*8 
INHIBIT Vpp*'6  Vss*8 9208-30373 eecs- 24283 


Programmable Timer Dual Precision Monostable 
Multivibrator 


CD4536B (Page 342) 
C045388 (Page 350) 


64-BIT 
SHIFT 
REGISTER 


O O 
WE = 0-- QI6---Q32- --048---064 
WEe I----D17~--D33---D49-—-HiZ 


|OF 2 SHIFT REGISTERS. TERM. Nos. 
IN PARENTHESES ARE FOR 2 NO HALF. 


Voo#!6 Vgg" 8 


92CS- 37 


Dual 64-Bit Shift Register 
CD45178 {Page 323) 


92CS-26360RI 


8-Bit Priority Encoder 
CD4532B (Page 338) 


Cre 

Rs 

AR 

MR 

MODE 

Qe 

SELECT 
Vop = PIN 14 


Vgs * PIN 7 
92CS-35066 


Programmable Timer 


CD45418 (Page 356) 














Functional Diagrams 


Boc DISPLAY 
To ORIVER 
7-SEGMENT 
DECODER 
7 SEGMENT 
OUTPUTS 





Vss 
92CS -22918R) 


92CS- 34515 


Dual Binary-to-1-of-4 
Decoder/Demultiplexer 


BCD-to-7-Segment Latch/Decoder/Driver Output “High” on Select 


CD4543B (Page 360) CD4555B (Page 366) 


gigig gees! 
POMIOwaAp @g 


ie 92CS-30372 
Vss 
92cs—22919RI Vgg*8 
92CS-30375 
Dual Binary-to-1-of-4 
Decoder/Demultiplexer 
Output “Low” on Select 4-Bit Magnitude Comparator 8-Bit Addressable Latch 


CD45568 (Page 366) CD4585B (Page 371) CD4724B (Page 375) 


cD22102 
ONLY 
Kb Ka 























16 CONTROL LATCHES 
@DmMo00mMo 


TL 


4-LINE-TO-16-LINE DECODER 






































92CM- 27346R1 











SIGNALS IN (OUT) 


4-by-4 Crosspoint Switch 4-by-4-by-2 Crosspoint Switch s2cM- 29050 
with Controf Memory with Control Memory 


C022100 (Page 636) CD22101 (Page 641) 
CD22102 (Page 641) 











Functional Diagrams 


CTX z ed 


TRANSMITTER 


7 *HDB3 IN 
RECEIVER 


NRZ IN 


“HDB3 IN 


ERROR AND 
AIS 


DETECT 





9205-36527 


HDB3 Transcoder 


©D22103 (Page 649) 


'|Vpo 35} ¥ss 


DI SEGMENT 
DATA 4 OUTPUTS 
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Cross-Reference Guide 


This guide provides a quick reference to a wide variety of industry CMOS logic 
integrated circuits that can be repiaced by RCA types. 


The RCA types fisted as replacements are electrically and mechanically equivalent to 
the corresponding industry types and can be used as direct replacements in most 
applications. The recommendations are based on the electrical and mechanical data 
published by various solid-state device manufacturers. 





Before substituting any replacement type in a particular application, the user should 
review the operating conditions of the particular application with the specifications of 
the type he is planning to use as the substitute type. 


RCA RCA 
Industry Replacement industry Replacement 
Type Type Type Type 


RCA 
Industry Replacement 


Type Type 


CD4000CN CD4000AE CD4010MJ CD4010AF 
CD4000MD CD4000AD CD4011BCJ CD4011BF 
CD4000MJ CD4000AF CD4011BCN CD4011BE 
CD4001BCJ CD4001BF CD4011BMD CD4011BD 
CD4001BCN CD4001BE CD4011BMJ C04011BF 


CD4001BMD CD4001BD CD4012BMD CD40128D 
CD4001BMJ CD4001BF CD4012CN CD4012AE 
CD4002BCJ CD4002BE CD4012MD CD4012AD 
CD4002BCN CD4002BE CD4012MJ CD4012AF 
CD4002BMD CD4002BD CD4013BCJ CD4013BF 


CO4002BMJ CD4002BF CD4013BCN CD4013BE 
CD4002CN CD4002AE CD4013BMD CD4013BD 
CD4002MD CD4002AD CD4013BMJ CD4013BF 
CD4002MJ CD4002AF CD4014BCJ CD4014BF 
CD4006BCJ CD4006BF CD4014BMD CD4014BD 


CD4006BCN CD4006BE CD4014BMJ CD4014BF 
CD4006BMD CD4006BD CD4014CN CD4014AE 
CD4006BMJ CD4006BF CD4014MD CD4014AD 
CD4006CN CD4006AE CD4014MJ CD4014AF 
CD4006MD CD4006AD CD4015BCJ CD4015BF 


CD4006MJ CD4006AF CD4015BCN CD4015BE 
CD4007CN CD4007AE CD4015BMD CD4015BD 
CD4007MD CD4007AD CD4015BMJ CD4015BF 
CD4007MJ CD4007AF CD4015CN CD4015AE 
CD4007UBMD CD4007UBD CD4015MD CD4015AD 


CD4007UBCN CD4007UBE CD4015MJ CD4015AF 
CD4008BCJ CD4008BF CD4016BCJ CD4016BF 
CD4008BCN CD4008BE CD4016BCN CD4016BE 
CD4008BMD CD4008BD CD4016BMD CD4016BD 
CD4008BMJ CD4008BF CD4016BMJ CD4016BF 


CD4009CN CD4009AE CD4016CN CD4016AE 
CD4009MD CD4009AD CD4016MD CD4016AD 
CD4009MJ CD4009AF CD4016MJ CD4016AF 
CD4010CN CD4010AE CD4017BCJ CD4017BF 
CD4010MD CD4010AD CD4017BCN CD4017BE 


CD4017BMD CD4017BD 
CD4017BMJ CD4017BF 
CD4018BCN CD4018BE 
CD4018BMD CD40188D 
COD4018BMJ CD4018BF 


CD4019BCJ CD4018BF 
CD4019BCJ CD4019BE 
CD4019BMD CD4019BD 
CD4019BMJ CD4019BF 
CD4020BCJ CD4020B8F 


CD4020BCN CD4020BE 
CD4020BMD CD4020BD 
CD4020BMJ CD4020BF 
CD4021BCJ CD4021BF 
CD4021BCN CD4021BE 


CD4021BMD CD4021BD , 
CD4021BMJ CD4021BF 
CD4021CN CD4021AE 
CD4021MD CD4021AD 
CD4021MJ CD4021AF 


CD4022BCuU CD4022BF 
CD4022BCN CD4022BE 
CD4022BMD CD4022BD 
CD4022BMJ CD4022BF 
CD4023BCJ CD4023BF 


CD4023BCN CD4023BE 
CD4023BMD CD4023BD 
CD4023BMJ CD4023BF 
CD4023CN CD4023AE 
CD4023MD CD4023AD 


CD4023MJ CD4023AF 
CD4024BCJ CD4024BF 
CD4024BCN CD4024BE 
CD4024BMD CD4024BD 
CD4024BMJ CD4024BF 
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RCA 
Replacement 
Type 


Industry 
Type 













CD4025BCJ CD4025BF 


CD4025BCN CD4025BE 
CD4025BMD CD4025BD 
CD4025BMS CD4025BF 


CD4025CN 
CD4025MD 


CD4025AE 
CD4025AD 
















CD4025MJ CD4025AF 
CD4027BCJ CD4027BF 
CD4027BCN CD4027BE 


CD4027BMD 
CD4027BMJ 


CD4027BD 
CD4027BF 
















CD4027DM CD4027BD 
CD4028BCJ CD4028BF 
CD4028BCN CD4028BE 


CD4028BMD 
CD4028BMJ 


CD4028BD 
CD4028BF 












CD4029BCJ CD4029BF 
CD4029BCN CD4029BE 
CD4029BMD cD4029BD 


CD4029BMJ CD4029BF 












CD4030BMD CD4030BD 
CD4030MD CD4030AD 
CD4030MJ CD4039AF 
CD4031B8CN CD4031BE 


CD4031BDM 
CD4031BMD 


CD4031BD 
CD4031BD 















CD4031BMJ CD4031BF 
CD4034BCN CD4034BE 
CD4034BMD CD4034BD 
CD4034BMJ CD4034BF 

















CD4035BCN CD4035BE 


CD4035BMD CD4035BD 
CD4035BMJ CD40358F 
CD4040BCJ CD4040BF 


CD4040BCN 
CD4040BMD 


CD4040BE 
CD4040BD 















CD4040BMJ CD4040BF 
CD4041BMD CD4041UBD 
CD4041CJ CD4041UBF 


CD4041CN 
CD4041MD 


CD4041AE 
CD4041AD 















CD4041MJ CD4041AF 
CD4042BCJ CD4042BF 
CD4042BCN CD4042BE 
CD4042BMD CD4042BD 















CD4042BMJ CD4042BF 


CD4043BMD C0D4043BD 
CD4043CN CD4043AE 
CD4043MD CD4043AD 


CD4043MJ 
CD4044BMD 


CD4043AF 
CD4044BD 















CD4044CN CD4044AE 
CD4044MD CD4044AD 
CD4044MJ CD4044AF 


CD4045BMD CD4045BD 
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RCA 
Replacement 
Type 


Industry 
Type 








CD4046BCN CD4046BE 


CD4046BMD CD4046BD 
CD4046BMJ CD4046BF 
CD4047BCN C04047BE 


CD4047BMD 
CD4047BMJ 


CD4047BD 
CD4047BF 



















CD4048BCJ CO4048BF 
CD4048BCN CD4048BE 
CD4048BMD CD4048BD 


CD4048BMJ CD4048BF 








CD4049BMD CD4049UBD 
CD4049BPC CD4049UBE 
CD4049CN CD4049AE 
CD4049MD CD4049AD 


CD4049MJ 
CD4050BCJ 


CD4049AF 
CD4050BF 












CD4050BCN CD4050BE 
CD4050BMD CD4050BD 
CD4050BMJ CD4050BF 


CD4051BCJ 
CD4051BMD 


CD4051BF 
CD4051BD 
















CD4051BMJ CD4051BF 
CD4052BCJ CD4052BF 
CD4052BCN CD4052BE 


CD4052BMD 
CD4052BMJ 


CD4052BD 
CD4052BF 













CD4053BCJ CD4053BF 
CD4053BCN CD4053BE 
CD4053BMD CD4053BD 
CD4053BMJ CD40538F 














CD4060BCJ CD4060BF 


CD4060BCN CD4060BE 
CD4060BMD CD4060BD 
CD4060BMJ CD4060BF 


CD4066BCJ 
CD4066BCN 


CD4066BF 
CD4066BE 












CD4066BMD CD4066BD 
CD4066BMJ CD4066BF 
CD4066BPC CD4066BE 


CD4069CN 
CD4069MD 


CD4069AE 
CD4069AD 











CD4069MJ CD4069AF_ . 
CD4069UBMD CD4069UBD 
CD4070BCJ CD4070BF 
CD4070BCN CD4070BE 

















CD4070BMD CD4070BD 


CD4070BMJ CD4070BF 
CD4070CN CD4070AE 
CD4070MD CD4070AD 


CD4070MJ 
CD4071BCJ 


CD4070AF 
CD4071BF 








CD4071BCN CD4071BE 
CD4071BMD CD4071BD 
CD4071BMJ CD4071BF 


CD4072BMD CD4072BD 





Industry 
Type 


CD4073BCJ 
CD4073BCN 
CD4073BMD 
CD4073BMJ 
CD4075BCJ 


CD4075BCN 
CD4075BMD 
CD4075BMJ 
CD4076BCJ 
CD4076BCN 


CD4076BMD 
CD4076BMJ 
CD4081BCJ 
CD4081BCN 
CD4081BMD 


CD4081BMJ 
CD4089BCJ 
CD4089BMD 
CD4089BMJ 
CD4093BCJ 


CD4093BCN 
CD4093BMD 
CD4093BMJ 
CD4099BCJ 
CD4099BCN 


CD4089BMD 
CD4099BMJ 
CD4503BCJ 
CD4503BCN 
CD4503BMJ 


CD4503BMD 
CD4510BCJ 
CD4510BCN 
CD4510BMD 
CD4510BMJ 


CD4511BGCJ 
CD4511BCN 
CD4511BMD 
CD4512BCU 
CD4512BCN 


CD4512BMD 
CD4512BMJ 
CD4514BCJ 
CD4514BCN 
CD4514BMD 


CD4514BMJ 
CD4515BCJ 
CD4515BON 
CD4515BMD 
CD4515BMd 


CD4516BCJ 
CD4516BCN 
CD4516BMD 
CD4516BMJ 
CD4518BCJ 


RCA 
Replacement 
Type 


CD4073BF 
CD4073BE 
CD4073BD 
CD4073BF 
CD4075BF 


CD4075BE 
CD4075BD 
CD4075BF 
CD4076BF 
CD4076BE 


CD4076BD 
CD4076BF 
CD4081BF 
CD4081BE 
CD4081BD 


CD4081BF 
CD4089BE 
CD4089BD 
CD4089BF 
CD4093BF 


CD4093BE 
CD4093BD 
CD4093BF 
CD4099BF 
CD4099BE 


CD4099BD 
CD4099BF 
CD4503BF 
CD4503BE 
CO4503BF 


CD4503BD 
CD4510BF 
CO04510BE 
CD4510BD 
CD4510BF 


CD4511BF 
CD4511BE 
C04511BD 
CD4512BF 
CD4512BE 


CD4512BD 
CD4512BF 
CD4514BF 
CD4514BE 
CD4514BD 


CD4514BF 
CD4515BF 
CD4515BE 
CD4515BD 
CD4515BF 


CD4516BF 
CD4516BE 
CD4516BD 
CD4516BF 
CD4518BF 








CD4518BCN 
CD4518BMD 
CD4518BMJ 
CD4520BCJ 

CD4520BCN 


CD4520BMD 
CD45208MJ 
CD4527BCJ 
CD4527BCN 
CD4527BMD 


CD4528BCJ 
CD4528BCN 
CD4528BMD 
CD45288MJ 
CD4538BCJ 


CD4538BCN 
CD4538BCN 
C0D4538BMD 
CD4538BMJ 
CD4543BCU 


CD4543BCN 
CD4543BMD 
CD4543BMJ 
CD4724BCJ 
CD4724BCN 


CD4724BMD 
CD4724BMJ 
C040106BCJ 
CD40106BCN 
CD401068MD 


CD40106BMJ 
CD40160BCJ 
CD40160BCN 
CD40160BMD 
CD40160BMJ 


CD40161BCJ 
CD40161BCN 
C040161BMD 
CD40161BMJ 
CD40162BCJ 


CD40162BCN 
CD40162BMD 
CD40162BMJ 
CD40163BCJ 

CD40163BCN 


CD40163BMD 
CD40163BMJ 
CD40174BCJ 
CD40174BCJ 
CD40174BCN 


CD40174BMD 
CD40174BMJ 
CD40175BCJ 
CD40175BMD 
C040175BMJ 





RCA 
Replacement 
Type 


CD4518BE 
CD4518BD 
CD4518BF 
CD4520BF 
CD4520BE 


CD4520BD 
CD4520BF 
CD4527BF 
CD4527BE 
CD4527BD 


CD4528BF 
CD4528BE 
CD4528BD 
CD4528BF 
CD4538BF 


CD4538BE 
CD4538BE 
CD45388D 
CD4538BF 
CD4543BF 


CD4543BE 
CD4543BD 
CD4543BF 
CD4724BF 
CD4724BE 


CD4724BD 
C0D4724BF 
CD40106BF 
CD40106BE 
CD40106BD 


CD40106BF 
CD40160BF 
CD40160BE 
CD40160BD 
CD40160BF 


CD40161BF 
CD40161BE 
CD40161BD 
C040161BF 
C0D40162BF 


CD40162BE 
CD40162BD 
CD40162BF 
CD40163BF 
CD40163BE 


CD40163BD 
CD40163BF 
C040174BF 
CD40174BF 
CD401748E 


C0D40174BD 
CD40174BF 
CD40175BF 
CD40175BD 
CD40175BF 


CD40175BCN 
CD40192BCJ 
CD40192BCN 
©D40192BMD 
CD40192BMJ 


CD40193BCJ 

CD40193BCN 
CD40193BMD 
CD40193BMJ 
F4001BDC 


F4001BDM 
F4001BPC 
F4002BDC 
F4002BDM 
F4002BPC 


F4006BDC 
F4006BDM 
F4006BPC 
F4007UBDC 
F4007UBDM 


F4007UBPC 
F4008BDC 
F4008BDM 
F4008BPC 
F4011BDOC 


F4011BDM 
F4011BPC 
F4012BDC 
F4012BDM 
F4012BPC 


F4013BDC 
F4013B0M 
F4013BPC 
F4014BDC 
F4014BDM 


F4014BPC 
F4015BDC 
F4015BDM 
F4015BPC 
F4016BDC 


F4016BDM 
F4016BPC 
F4017BDC 
F4017BDM 
F4017BPC 


F4018BDC 
F4018BDM 
F4018BPC 
F4019BDC 
F4019BDM 


F4019BPC 
F4020BDC 
F4020BDM 
F4020BPC 
F4021BDC 


RCA 
Replacement 
Type 


CD40175BE 
CD40192BF 
CD40192BE 
CD40192BD 
CD40192BF 


CD40193BF 
CD40193BE 
CD40193BD 
CD40193BF 
CD4001BF 


CD4001BF 
CD4001BE 
CD4002BF 
CD4002BF 
CD4002BE 


CD4006BF 
CD4006BF 
CD4006BE 
CD4007UBF 
CD4007UBF 


CD4007UBE 
CD4008BF 
CO4008BF 
CD4008B8E 
CD40118F 


CD4011BF 
CD4011BE 
CD4012BF 
CD4012BF 
CD4012BE 


CD4013BF 
C04013BF 
CD4013BE 
CD4014BF 
CD4014BF 


CD4014BE 
CD4015BF 
CD4015BF 
CD4015BE 
CD4016BF 


CD4016BF 
CD4016BE 
CD4017BF 
CD4017BF 
C04017BE 


CD4018BF 
CD4018BF 
CD4018BE 
CD4019BF 
CD4019BF 


CD4019BE 
CD4020BF 
CD4020BF 
CD4020BE 
CD4021BF 
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Industry 
Type 


F4021BDM 
F4021BPC 
F4022B0C 
F4022BDM 
F4022BPC 


F4023BDC 
F4023BDM 
F4023BPC 
F4024BDC 
F4024BDM 


F4024BPC 
F4025BDC 
F4025BDM 
F4025BPC 
F4027BDC 


F4027BDM 
F4027BPC 
F4028BDC 
F4028BDM 
F4028BPC 


F4029BDC 
F4029BDM 
F4029BPC 
F4030BDC 
F4030BDM 


F4030BPC 
F4031BDC 
F4031BDM 
F4031BPC 
F4034BDC 


F4034BDM 
F4034BPC 
F4035BDC 
F4035BDM 
F4035BPC 


F4040BDC 
F4040BDM 
F4040BPC 
F4041BDC 
F4041BDM 


F4041BPC 
F4042B80C 
F4042BDM 
F4042BPC 
F4043BDC 


F4043BDM 
F4043BPC 
F4044BDC 
F4044BDM 
F4044BPC 


F4045BDC 
F4045BDM 
F4045BPC 
F4046BDC 
F4046BDM 





RCA 
Replacement 


Type 


CD4021BF 
CD4021BE 
C04022BF 
CD4022BF 
CD4022BE 


CD4023BF 
CD4023BF 
CD4023BE 
CD4024BF 
CD4024BF 


CD4024BE 
CD4025BF 
CD4025BF 
CD4025BE 
CD4027BF 


CD4027BF 
CD4027BE 
CD4028BF 
CD4028BF 
CD4028BE 


CD4029BF 
CD4029BF 
CD4029BE 
CD4030BF 
CD4030BF 


CD4030BE 
CD4031 BF 
CD4031BF 
CD4031BE 
CD4034BF 


C04034BF 
CD4034BE 
CD4035BF 
CD4035BF 
CD4035BE 


CD4040BF 
CO4040BF 
CD4040BE 
CD4041BF 
C0D4041BF 


CD4041BE 
CD4042BF 
CD4042BF 
CD4042BE 
CD4043BF 


C04043BF 
CD4043BE 
CD4044BF 
CD4044BF 
CD4044BE 


CO4045BF 
CD4045BF 
CD4045BE 
CD4046BF 
CD4046BF 
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Industry 
Type 


F4046BPC 
F4047BDC 
F4047BDM 
F4047BPC 
F4049BDC 


F4049BDM 
F4049BPC 
F4050BDC 
F4050BDM 
F4050BPC 


F4051BDC 
F4051BDM 
F4051BPC 
F4052BCD 
F4052BDM 


F4052BPC 
F4053BDC 
F4053BDM 
F4053BPC 
F4066BDC 


F4066BDM 
F4066BPC 
F4067BDC 
F4067BDM 
F4067BPC 


F4068BDC 
F4068BDM 
F4068BPC 
F4069UBDC 
F4069UBDM 


F4069UBPC 
F4070BDC 
F4070BDM 
F4070BPC 
F4071BDC 


F4071BDM 
F4071BPC 
F4072BDC 
F4072BDM 
F4072BPC 


F4073BDC 
F4073BDM 
F4073BPC 
F4075BDC 
F4075BDM 


F4075BPC 
F4076BDC 
F4076BDM 
F4076BPC 
F4077BDC 


F4077BDM 
F4077BPC 
F4078BDC 
F4078BDM 
F4078BPC 


RCA 
Replacement 
Type 


CD4046BE 
CD4047BF 
CD4047BF 
CD4047BE 
CD4049UBF 


CD4049UBF 
CD4049UBF 
CD4050BF 
CD4050BF 
CD4050BE 


CD4051BF 
CD4051BF 
CD4051BE 
CD4052BF 
CD4052BF 


CD4052BE 
CD4053BF 
CD4053BF 
CD4053BE 
CD4066BF 


CD4066BF 
CD4066BE 
CD4067BF 
CD4067BF 
CD4067BE 


CD4067BF 
CD4067BF 
CD4067BE 
CD4069UBF 
CD4069UBF 


CD4069UBE 
CD4070BF 
CD4070BF 
CD4070BE 
CD4071BF 


CD4071BF 
CD4071BE 
CD4072BF 
CD4072BF 
CD4072BE 


CD4073BF 
CD4073BF 
CD4073BE 
CD4075BF 
CD4075BF 


CD4075BE 
CD4076BF 
CD4076BF 
CD4076BE 
CD4077BF 


CD4077BF 
CD4077BE 
CD4078BF 
CD4078BF 
CD4078BE 





Industry 
Type 


F4081BDC 
F4081BDM 
F4081BPC 

F4082BDC 
F4082BDM 


F4082BPC 
F4085BDC 
F4085BDM 
F4085BPC 
F4086BDC 


F4086BDM 
F4086BPC 
F4093BDC 
F4093BDM 
F4093BPC 


F4510BDC 
F4510BDM 
F4510BPC 
F4511BDC 
F4511BDM 


F4511BPC 
F4512BDC 
F4512BDM 
F4512BPC 
F4514BDC 


F4514BDM 
F4514BPC 
F4515BDC 
F4515BDM 
F4515BPC 


F4516BDC 
F4516BDM 
F4516BPC 
F4518BDC 
F4518BDM 


F4518BPC 
F4520BDC 
F4520BDM 
F4520BPC 
F4527BDC 


F4527BDM 
F4527BPC 
F4532BDC 
F4532BDM 
F4532BPC 


F4538BDC 
F4538BDM 
F4538BPC 
F4543BDC 
F4543BDM 


F4543BPC 
F4555BDC 
F4555BDM 
F4555BPC 
F4556BDC 


RCA 
Replacement 
Type 


CD4081BF 
CD4081BF 
CD4081BE 
CD4082BF 
CD4082BF 


CD4082BE 
CD4085BF 
CD4085BF 
CD4085BE 
CD4086BF 


CD4086BF 
CD4086BE 
CD4093BF 
CD4093BF 
CD4093BE 


CD4510BF 
CD4510BF 
CD4510BE 
CD4511BF 
CD4511BF 


CD4511BE 
CD4512BF 
CD4512BF 
CD4512BE 
CD4514BF 


CD4514BF 
CD4514BE 
CD4515BF 
CD4515BF 
CD4515BE 


CD4516BF 
CD4516BF 
CD4516BE 
CD4518BF 
CD4518BF 


CD4518BE 
CD4520BF 
CD4520BF 
CD4520BE 
CD4527BF 


CD4527BF 
CD4527BE 
CD4532BF 
CD4532BF 
CD4532BE 


CD4538BF 
CD4538BF 
CD4538BE 
CD4543BF 
CD4543BF 


CD4543BE 
CD4555BF 
CD4555BF 
CD4555BE 
CD4556BF 


Industry 
Type 


F4556BDM 
F4556BPC 
F4581BDC 
F4581BDM 
F4581BPC 


F4582BDC 
F4582BDM 
F4582BPC 
F4724BDC 
F4724BDM 


F4724BPC 

F40160BDC 
F40160BDM 
F40160BPC 
F40161BDC 


F40161BDM 
F40161BPC 
F40162BDC 
F40162BDM 
F40162BPC 


F40163BDC 
F40163BDM 
F40163BPC 
F40174BDC 
F40174BDM 


F40174BPC 
F40175BDC 
F40175BDM 
F40175BPC 
F40192BDC 


F40192BDM 
F40192BPC 
F40193BDC 
F40193BDM 
F40193BPC 


HCF4000BD 
HCF4000BE 
HCF4000BF 
HCF4001BD 
HCF4001BE 


HCF4001 BF 
HCF4001BE 
HCF4002BD 
HCF4002BF 
HCF4002BE 


HCF4006BD 
HCF4006BF 
HGF4007UBD 
HCF4007UBE 
HCF4007UBF 


HCF4008BD 
HCF4008BE 
HCF4008BF 
HCF4011BD 
HCF4011BE 


RCA 
Replacement 
Type 


CD4556BF 
CD4556BE 
CD40181BF 
CD40181BF 
CD40181BE 


CD40182BF 
CD40182BF 
CD40182BE 
CD4724BF 
CD4724BF 


CD4724BE 

CD40160BF 
CD40160BF 
CD40160BE 
CD40161BF 


CD40161BF 
CD40161BE 
CD40162BF 
CD40162BF 
CD40162BE 


CD40163BF 
CD40163BF 
CD40163BE 
CD40174BF 
CD40174BF 


CD40174BE 
CD40175BF 
CD40175BF 
CD40175BE 
CD40192BF 


CD40192BF 
CD40192BE 
CD40193BF 
CD40193BF 
CD40193BE 


CD4000BD 
CD4000BE 
CD4000BF 
CD4001BD 
CD4001BE 


CD4001BF 
CD4001BE 
CD4002BD 
CD4002BF 
CD4002BE 


CD4006BD 
CD4006BF 
CD4007UBD 
CD4007UBE 
CD4007UBF 


CD4008BD 
CD4008BE 
CD4008BF 
CD4011BD 
CD4011BE 
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RCA RCA 
Industry Replacement Industry Replacement 
Type Type Type Type 


RCA 
Industry Replacement 
Type Type 


HCF4011BF CD4011BF HCF4030BD CD4030BD 
HCF4012BD CD4012BD HCF4030BE CD4030BE 
HCF4012BE CD4012BE HCF4030BF CD4030BF 
HCF4012BF CD4012BF HCF4031BD CD4031BD 
HCF4013BD CD4013BD HCF4031BE CD4031BE 


HCF4013BE CD4013BE HCF4031BF CD4031BF 
HCF4013BF CD4013BF HCF4032BD CD4032BD 
HCF4014BD CD4014BD HCF4032BE CD4032BE 
HCF4014BE CD4014BE HCF4032BF CD4032BF 
HCF4014BF CD4014BF HCF4033BD CD4033BD 


HCF4015BD CD4015BD HCF4033BE CD4033BE 
HCF4015BE CD4015BE HCF4033BF CD4033BF 
HCF4015BF CD4015BF HCF4034BD CD4034BD 
HCF4016BD C04016BD HCF4034BE CD4034BE 
HCF4016BE CD4016BE HCF4034BF CD4034BF 


HCF4016BF CD4016BF HCF4035BD CD4035BD 
HCF4017BD CD4017BD HCF4035BE CD4035BE 
HCF4017BE CD4017BE HCF4035BF CD4035BF 
HCF4017BF CD40178F HCF40408D CD4040BD 
HCF4018BD CD4018BD HCF4040BE CD4040BE 


HCF4018BE CD4018BE HCF4040BF CD4040BF 
HCF4018BF CD4018BF HCF4041UBD C04041UBD 
HCF4019BD CD4019BD HCF4041UBE CD4041UBE 
HCF4019BE CD4019BE HCF4041UBF CD4041UBF 
HCF4019BF CD4019BF HCF4042BD CD4042BD 


HCF4020BD CD4020BD HCF4042BE CD4042BE 
HCF4020BE CD4020BE HCF4042BF CD4042BF 
HCF4020BF CD4020BF HCF4043BD CD4043BD 
HCF4021BD CD4021BD HCF4043BE CD4043BE 
HCF4021BE CD4021BE HCF4043BF CD4043BF 


HCF4021BF CD4021BF HCF4044BD CD4044BD 
HCF4022BD CD4022BD HCF4044BE CD4044BE 
HCF4022BE CD4022BE HCF4044BF CD4044BF 
HCF4022BF CD4022BF HCF4045B8D CD4045BD 
HCF4023BD CD4023BD HCF4045BE CD4045BE 


HCF4023BE CD4023BE HCF4045BF CD4045BF 
HCF4023BF CD4023BF HCF4046BD CD4046BD 
HCF4024BD CD4024BD HCF4046BE CD4046BE 
HCF4024BE CD4024BE HCF4046BF CD4046BF 
HCF4024BF CD4024BF HCF4047BD CD4047BD 


HCF4025BD CD4025BD HCF4047BE CD4047BE 
HCF4025BE CD4025BE HCF4047BF CD4047BF 
HCF4025BF CD4025BF HCF4048BD CD4048BD 
HCF40268D CD4026BD HCF4048BE CD4048BE 
HCF4026BE CD4026BE HCF4048BF CD4048BF 


HCF4026BF CD4026BF HCF4049UBD CD4049UBD 
HCF4027BD CD4027BD HCF4049UBE CD4049UBE 
HCF4027BE CD4027BE HCF4049UBF CD4049UBF 
HCF4027BF CD4027BF HCF4050BD CD4050BD 
HCF4028BD CD4028BD HCF4050BE CD4050BE 


HCF4028BE CD4028BE HCF40508F CD4050BF 
HCF4028BF CD4028BF HCF4051BD CD4051BD 
HCF4029BD CD4029BD HCF4051BE CD4051BE 
HCF4029BE CD4029BE HCF4051BF CD4051BF 
HCF4029BF CD4029BF HCF4052BD CD4052BD 


HCF4052BE CD4052BE 
HCF4052BF CD4052BF 
HCF4053BD CD4053BD 
HCF4053BE CD4053BE 
HCF4053BF CD4053BF 


HCF4054BD CD4054BD 
HCF4054BE CD4054BE 
HCF4054BF CD4054BF 
HCF4055BD CD4055BD 
HCF4055BE CD4055BE 


HCF4055BF CD40558F 
HCF4056BD CD4056BD 
HCF4056BE CD4056BE 
HCF4056BF CD4056BF 
HCF4060BD CD4060BD 


HCF4060BE CD4060BE 
HCF4060BF CD4060BF 
HCF4063BD CD4063BD 
HCF4063BE CD4063BE 
HCF4063BF CD4063BF 


HCF4066BD CD4066BD 
HCF4066BE CD4066BE 
HCF4066BF CD4066BF 
HCF4067BD CD4067BD 
HCF4067BE CD4067BE 


HCF4067BF CD4067BF 
HCF4068BD CD4068BD 
HCF4068BE CD4068BE 
HCF4068BF CD4068BF 
HCF4069UBD CD4069UBD 


HCF4069UBE CD4069UBE 
HCF4069UBF CD4069UBF 
HCF4070BD CD4070BD 
HCF4070BE CD4070BE 
HCF4070BF CD4070BF 


HCF4071BD CD4071BD 
HCF4071BE CD4071BE 
HCF4071BF CD4071BF 
HCF4072BD CD4072BD 
HCF4072BE CD4072BE 


HCF4072BF CD4072BF 
HCF4073BD CD4073BD 
HCF4073BE CD4073BE 
HCF4073BF CD4073BF 
HCF4075BD CD4075BD 


HCF4075BE CD4075BE 
HCF4075BF CD4075BF 
HCF4076BD CD4076BD 
HCF4076BE CD4076BE 
HCF4076BF CD4076BF 


HCF40778D CD40778D 
HCF4077BE CD4077BE 
HCF4077BF CD4077BF 
HCF4078BD CD4078BD 
HCF4078BE CD4078BE | 
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Industry 
Type 


HCF4078BF 
HCF4081BD 
HCF4081BE 
HCF4081BF 
HCF4082BD 


HCF4082BE 
HCF4082BF 
HCF4085BD 
HCF4085BE 
HCF4085BF 


HCF4086BD 
HCF4086BE 
HCF4086BF 
HCF4089BD 
HCF4089BE 


HCF4089BF 
HCF4093BD 
HCF4093BE 
HCF4093BF 
HCF40948D 


HCF4094BE 
HCF4094BF 
HCF4095BD 
HCF4095BE 
HCF4095BF 


HCF4096BD 
HCF4096BE 
HCF4096BF 
HCF4097BD 
HCF4097BE 


HCF4097BF 
HCF4098BD 
HCF4098BE 
HCF4098BF 
HCF4099BD 


HCF4099BE 
HCF4099BF 
HCF4502BD 
HCF4502BE 
HCF4502BF 


HCF4508BD 
HCF4508BE 
HCF4508BF 
HCF4510BD 
HCF4510BE 


HCF4510BF 
HCF4511BD 
HCF4511BE 
HCF4511BF 
HCF4512BD 


HCF4512BE 
HCF4512BF 
HCF4514BD 
HCF4514BE 
HCF4514BF 


RCA 
Replacement 
Type 


CD4078BF 
CD4081BD 
CD4081BE 
CD4081 BF 
CD4082BD 


CD4082BE 
CD4082BF 
CD4085BD 
CD4085BE 
CD4085BF 


CD4086BD 
CD4086BE 
CD4086BF 
CD4089BD 
CD4089BE 


CD4089BF 
CD4093BD 
CD4093BE 
CD4093BF 
CD4094BD 


CD4094BE 
CD4094BF 
CD4095BD 
CD4095BE 
CD4095BF 


CD4096BD 
CD4096BE 
CD4096BF 
C04097BD 
CD4097BE 


CD4097BF 
CD4098BD 
CD4098BE 
CD4098BF 
CD4099BD 


CD4099BE 
CD4099BF 
CD4502BD 
CD4502BE 
CD4502BF 


CD4508BD 
CD4508BE 
CD4508BF 
CD4510BD 
CD4510BE 


CD4510BF 
CD4511BD 
C04511BE 
CD4511BF 
CD4512BD 


CD4512BE 
CD4512BF 
CD4514BD 
CD4514BE 
CD4514BF 








Industry 
Type 


HCF4515BD 
HCF4515BE 
HCF4515BF 
HCF4516BD 
HCF4516BE 


HCF4516BF 
HCF4518BD 
HCF4518BE 
HCF4518BF 
HCF4520BD 


HCF4520BE 
HCF4520BF 
HCF4527BD 
HCF4527BE 
HCF4527BF 


HCF4532BD 
HCF4532BE 
HCF4532BF 
HCF4555BD 
HCF4555BE 


HCF4555BF 
HCF4556BD 
HCF4556BE 
HCF4556BF 
HD14503B 


HD14541B 
HD174C04 
HD174C14 
HD174C86 
HD174C86 


HD374C04 
HD374C14 
HD374C160 
HD374C161 
HD374C162 


HD374C163 
HD3740164 
HD374C165 
HD374C0173 
HD374C174 


HD374C192 
HD374C193 
HEF4000B 
HEF4000BD 
HEF4001B 


HEF4001UB 
HEF4002B 
HEF4006B 
HEF4007UB 
HEF4008B 


HEF4011B 
HEF4011UB 
HEF4012B 
HEF4013B 
HEF4014B 


RCA 
Replacement 
Type 


CD4515BD 
CD4515BE 
CD4515BF 
CD4516BD 
CD4516BE 


CD4516BF 
CD4518BD 
CD4518BE 
CD4518BF 
CD4520BD 


CD4520BE 
CD4520BF 
CD4527BD 
CD4527BE 
CD4527BF 


CD4532BD 
CD4532BE 
CD4532BF 
CD4555BD 
CD4555BE 


CD4555BF 
CD4556BD 
CD4556BE 
CD4556BF 
CD4503BE 


CD4541BE 
CD40968D 
CD40106BD 
CD4030BD 
CD4070BD 


CD4069BE 

CD40106BE 
CD40160BE 
CD40161BE 
CD40162BE 


CD40163BE 
CD4015BE 
CD4021BE 
CD4076BE 
CD40174BE 


CD40192BE 
CD40193BE 
CD4000BE 
CD4000BE 
CD4001BE 


CD4001UBE 
CD4002BE 
CD4006BE 
CD4007UBE 
CD4008BE 


CD4011BE 
CD4011UBE 
CD4012BE 
CD4013BE 
CD4014BE 


industry 
Type 


HEF40158 
HEF4016B 
HEF4017B 
HEF4018B 
HEF4019B 


HEF4020B 
HEF4021B 
HEF4022B 
HEF4023B 
HEF4024B 


HEF4025B 
HEF40278 
HEF4028B 
HEF4029B 
HEF4030B 


HEF4031B 
HEF4035B 
HEF4040B 
HEF4041B 
HEF4042B 


HEF4043B 
HEF4044B 
HEF4046B 
HEF4047B 
HEF4049B 


HEF4050B 
HEF4051B 
HEF4052B 
HEF4053B 
HEF4059B 


HEF4060B 
HEF4066B 
HEF4067B 
HEF4068B 
HEF4069UB 


HEF4070B8 
HEF4071B 
HEF4072B 
HEF4073B 
HEF4075B 


HEF4076B 
HEF4077B 
HEF4078B 
HEF4081B 
HEF4082B 


HEF4085B 
HEF4086B 
HEF4093B 
HEF4094B 
HEF4502B 


HEF4508B 
HEF4510B 
HEF4511B 
HEF4512B 
HEF4514B8 


RCA 
Replacement 


Type 


CD4015BE 
CD4016BE 
CD4017BE 
CD4018BE 
CD4019BE 


CD4020BE 
CD4021BE 
CD4022BE 
CD4023BE 
CD4024BE 


CD4025BE 
C04027BE 
CD4028BE 
CD4029BE 
CD4030BE 


CD4031BE 
CD4035BE 
CD4040BE 
CD4041BE 
CD4042BE 


CD4043BE 
CD4044BE 
CD4046BE 
CD4047BE 
CD4049UBE 


CD4050BE 
CD4051BE 
CD4052BE 
CD4053BE 
CD4059BE 


CD4060BE 
CD4066BE 
CD4067BE 
CD4068BE 
CD4069UBE 


CD4070BE 
CD4071BE 
CD4072BE 
CD4073BE 
CD4075BE 


CD4076BE 
CD4077BE 
CD4078BE 
CD4081BE 
CD4082BE 


CD4085BE 
CD4086BE 
CD4093BE 
CD4094BE 
CD4502BE 


CD4508BE 
CD4510BE 
CD4511BE 
CD4512BE 
CD4514BE 








Industry 
Type 


HEF4515B 
HEF4516B 
HEF4517B 
HEF4518B 
HEF4520B 


HEF4527B 
HEF4532B 
HEF4538B 
HEF4541B 
HEF4543B 


HEF4555B 
HEF4556B 
HEF4585B 
HEF4724B 
HEF40160B 


HEF40161B 
HEF40162B 
HEF40163B 
HEF40174B 
HEF40175B 


HEF40192B 
HEF40193B 
HEF40194B 
MC14000BAL 
MC14000BCL 


MC14000BCP 
MC 14000UBAL 
MC14000UBCL 
MC14000UBCP 
MC14001BAL 


MC14001BCL 
MC14001BCP 
MC14001UBAL 
MC14001UBCL 


MC14001UBCP 


MC14002BAL 
MC14002BCL 
MC14002BCP 
MC14002UBAL 
MC14002UBCL 


MC14002UBCP 
MC14006BAL 
MC14006BCL 
MC14006BCP 
MC14007BCL 


MC14007UBAL 
MC14007UBCL 
MC14007UBCP 
MC14008BAL 
MC14008BCL 


MC14008BCP 
MC14009UBAL 
MC14009UBCL 
MC14009UBCP 
MC14010BAL 


RCA 
Replacement 


Type 


CD4515BE 
CD4516BE 
CD4517BE 
CD4518BE 
CD4520BE 


CD4527BE 
CD4532BE 
CD4538BE 
CD4541BE 
CD4543BE 


CD4555BE 
CD4556BE 
CD4585BE 
CD4724BE 
CD40160BE 


CD40161BE 
CD40162BE 
CD40163BE 
CD40174BE 
CD40175BE 


CD40192BE 
CD40193BE 
CD40194BE 
CD4000BF 
CD4000BF 


CD4000BE 
CD4000UBF 
CD4000UBF 
CD4000UBE 
COD4001 BF 


CD4001BF 
CD4001BE 
CD4001 UBF 
CD4001UBF 
CD4001UBE 


CD4002BF 
CD4002BF 
CD4002B8E 
CD4002UBF 
CD4002UBF 


CD4002UBE 
CD4006BF 
CD4006BF 
CD4006BE 
CD4007UBF 


CD4007UBF 
CD4007UBF 
C0D4007UBE 
CD4008BF 
CD4008BF 


CD4008BE 
CD4009UBF 
CD4009UBF 
CD4009UBE 
CD4010BF 


industry 
Type 


MC14010BCP 
MC14011BAL 
MC14011BCL 
MC14011BCP 
MC14011UBAL 


MC14011UBCL 
MC14011UBCP 
MC14012BAL 
MC14012BCL 
MC14012BCP 


MC14012UBAL 
MC14012UBCL 
MC14012UBCP 
MC14013BAL 
MC14013BCL 


MC14013BCP 
MC14014BAL 
MC14014BCL 
MC14014BCP 
MC14015BAL 


MC14015BCL 
MC14015BCP 
MC14016BAL 
MC14016BCL 
MC14016BCP 


MC14017BAL 
MC14017BCL 
MC14017BCP 
MC14018BAL 
MC14018BCL 


MC14018BCP 
MC14019BAL 
MC14019BCL 
MC14019BCP 
MC14020BAL 


MC14020BCL 
MC14020BCP 
MC14021BAL 
MC14021BCL 
MC14021BCP 


MC14022BAL 
MC14022BCL 
MC14022BCP 
MC14023BAL 
MC14023BCL 


MC14023BCP 
MC14023UBAL 
MC14023UBCL 
MC14023UBCP 
MC14024BAL 


MC14024BCL 
MC14024BCP 
MC14025BAL 
MC14025BCL 
MC14025BCP 


RCA 
Replacement 


Type 


CD4010BE 
CD4011BF 
CD4011BF 
CD4011BE 
CD4011UBF 


CD4011UBF 
CD4011UBE 
CD4012BF 
CD4012BF 
CD4012BE 


CD4012UBF 
CD4012UBF 
CD4012UBE 
CD4013BF 
CD4013BF 


CD4013BE 
CD4014BF 
CD4014BF 
CD4014BE 
CD4015BF 


CD4015BF 
CD4015BE 
CD4016BF 
CD4016BF 
CD4016BE 


CD4017BF 
CD4017BF 
CD4017BE 
CD4018BF 
C04018BF 


CD4018BE 
CD4019BF 
CD4019BF 
CD4019BE 
CD4020BF 


CD4020BF 
CD4020BE 
CD4021BF 
CD4021BF 
CD4021BE 


CD4022BF 
CD4022BF 
CD4022BE 
CD4023BF 
CD4023BF 


CD4023BE 
CD4023UBF 
CD4023UBF 
CD4023UBE 
CD4024BF 


CD4024BF 
CD4024BE 
CD4025BF 
CD4025UBF 
CD4025BE 








Cross-Reference Guide 


Industry 
Type 


MC14025UBAL 
MC14025UBCL 
MC14025UBCP 
MC14027BAL 
MC14027BCL 


MC14027BCP 
MC14028BAL 
MC14028BCL 
MC14028BCP 
MC14029BAL 


MC14029BCL 
MC140298CP 
MC14032BAL 
MC14032BCL 
MC14032BCP 


MC 14034BAL 
MC14034BCL 
MC14034BCP 
MC14035BAL 
MC14035BCL 


MC14035BCP 
MC14038BAL 
MC14038BCL 
MC14038BCP 
MC14040BAL 


MC14040BCL 
MC14040BCP 
MC14042BAL 
MC14042BCL 
MC 14042BCP 


MC14043BAL 
MC14043BCL 
MC14043BCP 
MC14044BAL 
MC14044BCL 


MC14044BCP 
MC14046BAL 
MC14046BCL 
MC14046BCP 
MC14049UBAL 


MC14049UBCL 
MC14049UBCP 
MC14050BAL 
MC14050BCL 
MC14050BCP 


MC14051BAL 
MC14051BCL 
MC14051BCP 
MC14052BAL 
MC14052BCL 


MC14052BCP 
MC14053BAL 
MC14053BCP 
MC14053BCP 
MC14060BAL 


RCA 
Replacement 


Type 


CD4025UBF 
CD4025UBF 
CD4025UBE 
CD4027BF 
CD4027BF 


CD4027BE 
CD4028BF 
CD4028BF 
CD4028BE 
CD4029BF 


CD4029BF 
CD4029BE 
CD4032BF 
CD4032BF 
CD4032BE 


CD4034BF 
CD4034BF 
CD4034BE 
CD4035BF 
CD4035BF 


CD4035BE 
CD4038BF 
CD4038BF 
CD4038BE 
CD4040BF 


CD4040BF 
CD4040BE 
CD4042BF 
CD4042BF 
CD4042BE 


CD4043BF 
CD4043BF 
CD4043BE 
CD4044BF 
CD4044BF 


CD4044BE 
CD4046BF 
CD4046BF 
CD4046BE 
CD4049UBF 


CD4049UBF 
CD4049UBE 
CD4050BF 
CD40508F 
CD4050BE 


CD4051BF 
CD4051BF 
CD4051BE 
CD4052BF 
CD4052BF 


CD4052B8E 
CD4053BF 
CD4053BE 
CD4053BE 
CD4060BF 
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Industry 
Type 


MC14060BCL 
MC14060BCP 
MC14066BAL 
MC14066BCL 
MC14066BCP 


MC14068BAL 
MC14068BCL 
MC14068BCP 
MC14069UBAL 
MC14069UBCL 


MC14069UBCP 
MC14070BAL 
MC14070BCL 
MC14070BCP 
MC14071BAL 


MC14071BCL 
MC14071BCP 
MC14072BAL 
MC14072BCL 
MC14072BCP 


MC14073BAL 
MC14073BCL 
MC14073BCP 
MC14075BAL 
MC14075BCL 


MC14075BCP 
MC14076BAL 
MC14076BCL 
MC14076BCP 
MC14077BAL 


MC 14077BCL 
MC14077BCP 
MC14078BAL 
MC14078BCL 
MC14078BCP 


MC 14081BAL 
MC14081BCL 
MC14081BCP 
MC14082BAL 
MC14082BCL 


MC14082BCP 
MC14093BAL 
MC14093BCL 
MC14093BCP 
MC14094BAL 


MC14094BCL 
MC14094BCP 
MC14099BAL 
MC14099BCL 
MC14099BCP 


MC14160BAL 
MC14160BCL 
MC14160BCP 
MC14161BAL 
MC14161BCL 


RCA 
Replacement 
Type 


CD4060BF 
CD4060BE 
CD4066BF 
CD4066BF 
CD4066BE 


CD4068BF 
CD4068BF 
CD4068BE 
CD4069UBF 
CD4069UBF 


CD4069UBE 
CD4070BF 
CD4070BF 
CD4070BE 
CD4071BF 


CD4071BF 
CD4071BE 
CD4072BF 
CD4072BF 
CD4072BE 


CD4073BF 
CD4073BF 
CD4073BE 
CD4075BF 
CD4075BF 


CD4075BE 
CD4076BF 
CD4076BF 
CD4076BE 
CD4077BF 


CD4077BF 
CD4077BE 
CD4078BF 
CD4078BF 
CD4078BE 


CD4081BF 
CD4081BF 
CD4081BE 
CD4082BF 
CD4082BF 


CD4082BE 
CD4093BF 
CD4093BF 
CD4093BE 
CD4094BF 


CD4094BF 
CD4094BE 
CD4099BF 
CD4099BF 
CD4099BE 


CD40160BF 
CD40160BF 
CD40160BE 
CD40161BF 
CD40161BF 








Industry 
Type 


MC14161BCP 
MC14162BAL 
MC14162BCL 
MC14163BAL 
MC14163BCL 


MC14163BCP 
MC14174BAL 
MC14174BCL 
MC14174BCP 
MC14175BAL 


MC14175BCL 
MC14175BCP 
MC14181BAL 
MC14181BCL 
MC14181BCP 


MC14182BAL 
MC 14182BCL 
MC14182BCP 
MC14194BAL 
MC14194BCL 


MC14194BCP 
MC14413L 
MC14413P 
MC14414L 
MC14414P 


MC14502BAL 


MC14502BCL 
MC14502BCP 
MC14503BAL 
MC14503BCL 


MC14504BAL 
MC14504BCL 
MC14504BCP 
MC14508BAL 
MC14508BCL 


MC14508BCP 
MC14510BAL 
MC14510BCL 
MC14510BCP 
MC14511BAL 


MC14511BCL 
MC14511BCP 
MC14511BMJ 
MC14512BAL 
MC14512BCL 


MC14512BCP 
MC14514BAL 
MC14514BCL 
MC14514BCOP 
MC14515BAL 


MC14515BCOP 
MC14516BAL 
MC14516BCL 
MC14516BCP 
MC14517BAL 


RCA 
Replacement 
Type 


CD40161BE 
CD40162BF 
CD40162BF 
CD40163BF 
CD40163BF 


CD40163BE 
CD40174BF 
CD40174BF 
CD40174BE 
CD40175BF 


CD40175BF 
CD40175BE 
CD40181BF 
CD40181BF 
C0D40181BE 


CD40182BF 
CD40182BF 
CD40182BE 
CD40194BF 
CD40194BF 


CD40194BE 
CD22413F 
CD22413E 
CD22414F 
CD22414E 


CD4502BD 
CD4502BF 
CD4502BE 
CD4503BF 
CD4503BF 


C0D40109BF 
CD4504BF 
CD40109BE 
CD4508BF 
CD4508BF 


CD4508BE 
CD4510BF 
CD4510BF 
CD4510BE 
CD4511BF 


CD4511BF 
CD4511BE 
CD4511BF 
CD4512BF 
CD4512BF 


CD4512BE 
CD4514BF 
CD4514BF 
CD4514BE 
CD4515BF 


CD4515BE 
CD4516BF 
CD4516BF 
CD4516BE 
CD4517BF 


industry 
Type 


MC14517BCL 
MC14517BCP 
MC14518BAL 
MC14518BCL 
MC14518BCP 


MC14520BAL 
MC14520BCL 
MC14520BCP 
MC14527BAL 
MC14527BCL 


MC14527BCP 
MC14532BAL 
MC14532BCL 
MC14532BCP 
MC 14536BAL 


MC14536BCL 
MC14536BCP 
MC14538BAL 
MC14538BCL 
MC14538BCP 


MC14541BAL 
MC14541BCL 
MC14541BCP 
MC14543BAL 
MG14543BCL 


MC14543BCP 
MC14555BAL 
MC14555BCL 
MC14555BCP 
MC14556BAL 


MC14556BCL 
MC14556BCP 
MC14581BAL 
MC14581BCL 
MC14581BCP 


MC14582BAL 
MC14582BCL 
MC 14582BCP 
MC14584BAL 
MC14584BCL 


MC14584BCP 
MC14585BAL 
MC14585BCL 
MC14585BCP 
MC15000UBAL 


MC15162BCP 
MC15403BCP 
MC3419 
MM54C04D 
MM54C160D 


MM54C161D 
MM54C162D 
MM54C163D 
MMS4C173D 
MM54C174D 





RCA 
Replacement 
Type 


CD4517BF 
CD4517BE 
CD4518BF 
CD4518BF 
CD4518BE 


CD4520BF 
CD4520BF 
CD4520BE 
CD4527BF 
CD4527 BF 


CD4527BE 
CD4532BF 
CD4532BF 
CD4532BE 
CD4536BF 


CD4536BF 
CD4536BE 
CD4538BF 
CD4538BF 
CD4538BE 


CD4541BF 
CD4541BF 
CD4541BE 
CD4543BF 
CD4543BF 


CD4543BE 
CD4555BF 
CD4555BF 
CD4555BE 
CD4556BF 


CD4556BF 
CD4556BE 
CD40181BF 
CD40181BF 
CD40181BE 


CD40182BF 
CD40182BF 
CD40182BE 
CD40106BF 
CD40106BF 


CD40106BE 
CD4585BF 
CD4585BF 
C0D4585BE 
CD4000UBF 


CD40162BE 
CD4503BE 
CD22419 
CD4069BF 
CD40160BF 


CD40161BF 
C040162BF 
CD40163BF 
CD4076BF 

CD40174BF 











Industry 
Type 


MM74CO4N 

MM74C160N 
MM74C161N 
MM74C162N 
MM74C163N 


MM74C164N 
MM74C165N 
MM74C173N 
MM74C174N 
MSM4036 


MSM4039 
MSM4061 
MSM4061A 
S2859P 
SCL4000BC 


SCL4000BD 
SCL4001BC 
SCL4001BD 
SCL4001BE 
SCL4001UBC 


S$CL4001UBD 
SCL4001UBE 
SCL40028C 
SCL4002BD 
SCL4002BE 


SCL4006ABC 
SCL4006ABD 
SCL4006ABE 
SCL40068C 
SCL4006BD 


SCL4006BE 
SCL4007UBC 
SCL4007UBD 
SCL4007UBE 
SCL4008BC 


SCL4008BD 
SCL4008BE 
SCL4009UBC 
SCL4009UBD 
SCL4009UBE 


SCL4010BC 
SCL4010BD 
SCL4010BE 
SCL4011BC 
SCL4011BD 


SCL4011BE 
SCL4011UBC 
SCL4011UBD 
SCL4011UBE 
SCL4012BC 


SCL4012BD 
SCL4012BE 
SCL4013BC 
SCL4013BD 
SCL4013BE 


RCA 
Replacement 
Type 


CD4068BE 

CD40160BE 
CD40161BE 
CD40162BE 
CD40163BE 


CD4015BE 
CD4021BE 
COD4076BE 
CD40174BE 
CD4036A 


CD4039A 
CD4061 
CD4061A 
CD22859E 
CD4000BF 


CD4000BD 
CD4001BF 
CD4001BD 
CD4001BE 
CD4001 UBF 


CD4001UBD 
C04001UBE 
CD4002BF 
CD4002BD 
CD4002BE 


CD4006BF 
CD4006BD 
CD4006BE 
CD4006BF 
CD4006BD 


CD4006BE 
CD4007UBF 
CD4007UBD 
CD4007UBE 
CD4008BF 


CD4008BD 
CD4008BE 
CD4009UBF 
CD40098UBD 
CO4009UBE 


CD4010BF 
CD4010BD 
CD4010BE 
CD4011BF 
CD4011BD 


C04011BE 
CD4011UBF 
CD4011UBD 
CD4011UBE 
CD4012BF 


CD4012BD 
CD4012BE 
CD4013BF 
CD4013BD 
CD4013BE 


Industry 
Type 


SCL4014BC 
SCL4014BD 
SCL4014BE 
SCL4015BC 
SCL4015BD 


SCL4015BE 
SCL4016BC 
SCL4016BD 
SCL4016BE 
SCL4017BC 


SCL4017BD 
SCL4017BE 
SCL4018BC 
SCL4018BD 
SCL4018BE 


SCL4019BC 
SCL4019BD 
SCL4019BE 
SCL4020ABC 
SCL4020ABD 


SCL4020ABE 
SCL4020BC 
SCL4020BD 
SCL4020BE 
SCL4021BC 


SCL4021BD 
SCL4021BE 
SCL4022ABC 
SCL4022ABD 
SCL4022ABE 


SCL4022BC 
SCL4022BD 
SCL4022BE 
SCL4023BC 
SCL4023BD 


SCL4023BE 
SCL4024BC 
SCL4024BD 
SCL4024BE 
SCL4025BC 


SCL4025BD 
SCL4025BE 
SCL4026ABC 
SCL4026ABD 
SCL4026ABE 


SCL4027BC 
SCL4027BD 
SCL4027BE 
SCL4028BC 
SCL4028BD 


SCL4028BE 
SCL4029BC 
SCL4029BD 
SCL4029BE 
SCL4030BC 


RCA 
Replacement 


Type 


CD4014BF 
CD4014BD 
CD4014BE 
CD4015BF 
CD4015BD 


CD4016BE 
CD4016BF 
CD4016BD 
CD4016BE 
CD4017BF 


CD4017BD 
C0D4017BE 
CD4018BF 
C04018BD 
CD4018BE 


CD4019BF 
CD4019BD 
CD4019BE 
CD4020BF 
CD4020BD 


CD4020BE 
CD4020BF 
CD4020BD 
CD4020BE 
CD4021BF 


CD4021BD 
CD4021BE 
CD4022BF 
C04022BD 
CD4022BE 


CD4022BF 
CD4022BD 
CD4022BE 
CD4023BF 
CD4023BD 


CD4023BE 
CD4024BF 
CD4024BD 
CD4024BE 
C04025BF 


CD4025BD 
CD4025BE 
CD4026BF 
CD40268D 
C04026BE 


CD4027BF 
CD4027BD 
CD4027BE 
CD4028BF 
CD4028BD 


CD4028BE 
CD4029BF 
CD40298D 
CD4029BE 
CD4030BF 
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Industry 
Type 


SCL4030BD 
SCL4030BE 
SCL4033ABC 
SCL4033ABD 
SCL4034ABC 


SCL4034ABD 
SCL4034ABE 
SCL4034BC 
SCL4035BC 
SCL4035BD 


SCL4035BE 
SCL4040ABC 
SCL4040ABD 
SCL4040ABE 
SCL4040BC 


SCL4040BD 
SCL4040BE 
SCL4041UBC 
SCL4041UBD 
SCL4041UBE 


SCL4042BC 
SCL4042BD 
SCL4042BE 
SCL4043ABC 
SCL4043ABD 


SCL4043ABE 
SCL4043BC 
SCL4043BD 
SCL4043BE 
SCL4044ABC 


SCL4044ABD 
SCL4044ABE 
SCL4044BC 
SCL40448D 
SCL4044BE 


SCL4046BC 
SCL4046BD 
SCL4046BE 
SCL4047BC 
SCL4047BD 


SCL4047BE 
SCL4049UBC 
SCL4049UBD 
SCL4049UBE 
SCL4050BC 


SCL4050BD 
SCL4050BE 
SCL4051BC 
SCL4051BD 
SCL4051BE 


SCL4052BC 
SCL4052BD 
SCL4052BE 
SCL4053BC 
SCL4053BD 


RCA 
Replacement 


Type 


CD4030BD 
CD4030BE 
CD4033BF 
CD4033BD 
CD4034BF 


CD4034BD 
C04034BE 
CD4034BF 
CD4035BF 
CD4035BD 


CD4034BE 
CD4040BF 
CD4040BD 
CD4040BE 
CD4040BF 


CD4040BD 
CD4040BE 
CD4041UBF 
CD4041UBD 
CD4041UBE 


CD4042BF 
CD4042BD 
CD4042BE 
CD4043BF 
CD4043BD 


CD4043BE 
CD4043BF 
CD4043BD 
CD4043BE 
CD4044BF 


CD4044BD 
CD4044BE 
CD4044BF 
CD4044BD 
CD4044BE 


CD4046BF 
CD4046BD 
CD4046BE 
CD4047BF 
CD4047BD 


CD4047BE 
CD4049UBF 
CD4049UBD 
CD4049UBE 
CD4050BF 


CD4050BD 
CD4050BE 
CD4051BF 
CD4051BD 
CD4051BE 


CD4052BF 
CD4052BD 
C04052BE 
CD4053BF 
CD4053D 
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RCA 
Industry Replacement 
Type Type 


SCL4053BE CD4053BE 
SCL4060ABC CD4060BF 
SCL4060ABD C04060BD 
SCL4060ABE CD4060BE 
SCL4060BC CO4060BF 


SCL4060BD CD4060BD 
SCL4060BE CD4060BE 
SCL4066BC CD4066BF 
SCL40668D CO04066BD 
SCL4066BE CD4066BE 


SCL4068BC CD4068BF 
SCL4068BD CD4068BD 
SCL4068BE CD4068BE 
SCL4069UBC CD4069UBF 
SCL4069UBD CD4069UBD 


SCL4069UBE CD4069UBE 
SCL4070BC CD4070BF 
SCL4070BD CD4070BD 
SCL4070BE CD4070BE 
SCL4071BC CD4071BF 


$CL4071BD CD4071BD 
SCL4071BE CD4071BE 
SCL4072BC CD4072BF 
SCL4072BD CD4072BD 
SCL4072BE C04072BE 


SCL4073BC CD4073BF 


RCA RCA 
Industry Replacement Industry Replacement 
Type Type Type Type 


SCL4094BC CD4094BF SCL4527BD CD4527BF 
SCL4094BD CD4094BD SCL4527BE CD4527BE 
SCL4094BE CD4094BE SCL4528BC CD4528BF 
SCL4099BC CD4099BF SCL4528BD CD4528BD 
SCL4099BD CD4099BD SCL4528BE CD4528BF 


SCL4099BE CD4099BE SCL4532BC CD4532BF 
SCL4160BC CD40160BF SCL4532BD CD4532BD 
SCL4160BD CD40160BD SCL4532BE CD4532BE 
SCL4160BE CD40160BE SCL4543BC CD4543BF 
SCL4161BC CD40161BF SCL4543BD CD4543BD 


SCL4161BD CD40161BD SCL4543BE CD4543BE 
SCL4161BE CD40161BE SCL4555BC CD4555BF 
SCL4162BC CD40162BF SCL4555BD CD4555BD 
SCL4162BD CD40162BD SCL4555BE CD4555BE 
SCL4162BE CD40162BE SCL4556BC CD4556BF 


SCL4163BC CD40163BF SCL4556BD CD4556BD 
SCL4163BD CD40163BD SCL4556BE CD4556BE 
SCL4163BE CD40163BE SCL4581BC CD40181BF 
SCL4174BC CD40174BF SCL4581BD CD40181BD 
SCL4174BD CD40174BD SCL4581BE CD40181BE 


SCL4174BE CD40174BE SCL4582BC CD40182BF 
SCL4502BC CD4502BF SCL4582BD CD40182BD 
SCL4502BD CD4502BD SCL4582BE CD40182BE 
SCL4502BE CD4502BE SCL45848BC CD40106BF 
SCL4508BC CD4508BF SCL4584BD CD40106BD 


SCL4508BD C0D4508B80 SCL4584BE CD40106BE 
SCL4508BE CD4508BE SCL4585BC CD4585BF 
SCL4510BC CD4510BF SCL4585BD CD4585BD 
SCL4510BD CD4510BD SCL4585BE CD4585BE 
SCL4510BE CD4510BE TC4001BP CD4001BE 


SCL4511BC CD4511BF TC4001UBP ~ CD4001UBE 
SCL4511BD CD4511BD TC4002BP CD4002BE 
SCL4511BE CD4511BE TC4006BP CD4006BE 
SCL45128C CD4512BF TC4007UBP CD4007UBE 
SCL4512BD CD4512BD TC4008BP CD4008BE 


SCL4512BE CD4512BE TC4009UBP CD4009UBE 
SCL4514BC CD4514BF TC4010BP CD4010BE 
SCL4514BD CD4514BD TC4011BP CD4011BE 
SCL4514BE CD4514BE TC4011UBP CD4011UBE 
SCL4515BC CD4515BF TC4012BP CD4012BE 


SCL4515BD CD45158D TC4013BP CD4013BE 
SCL4515BE CD4515BE TC4014BP CD4014BE 
SCL4516BC CD4516BF TC4015BP CD4015BE 
SCL4516BD CD4516BD TC4016BP CD4016BE 
SCL4516BE CD4516BE TC4017BP CD4017BE 


SCL4517BC CD4517BF TC4018BP CD4018BE 
SCL4517BD CD4517BD TC4019BP CD4019BE 
SCL4517BE CD4517BE TC4020BP CD4020BE 
SCL4518BC CD4518BF TC4021BP CD4021BE 
SCL4518BD CD4518BD TC4022BP CD4022BE 


SCL4518BE CD4518BE TC4023BP CD4023BE 
SCL4520BC CD4520BF TC4024BP CD4024BE 
SCL4520BD CD4520BD TC4025BP CD4025BE 
SCL4520BE CD4520BE TC4027BP CD4027BE 
SCL4527BC CD4527BD TC4028BP CD4028BE 


SCL4073BD CD40738D 
SCL4073BE CD4073BE 
SCL4075BC CD4075BF 
SCL4075BD CD4075BD 


SCL4075BE CD4075BE 
SCL4076BC CD4076BF 
SCL4076BD CD4076BD 
SCL4076BE CD4076BE 
SCL4077BC CD4077BF 


SCL4077BD CD4077BD 
SCL4077BE CD4077BE 
SCL4078BC C04078BF 
SCL4078BD CD4078BD 
SCL4078BE CD4078BE 


SCL4081BC CD4081BF 
SCL4081BD CD4081BD 
SCL4081BE CD4081BE 
SCL40828C CO04082BF 
SCL4082BD CD4082BD 


SCL4082BE CD4082BE 
SCL4085BC CD4085BF 
SCL4085BD CD4085BD 
SCL4085BE CD4085BE 
SCL4086BC CO4086BF 


SCL4086BD CD4086BD 
SCL4086BE CD4086BE 
SCL4093BC CD4093BF 
SCL4093BD CD4093BD 
SCL4093BE CD4093BE 
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RCA RCA 
Industry Replacement Industry Replacement 
Type Type Type Type 


RCA 
Industry Replacement 
Type Type 


TC4029BP CD4029BE TC4520BP CD4520BE 
TC4030BP CD4030BE TC4527BP CD4527BE 
TC4032BP CD4032BE TC4532BP CD4532BE 
TC4034BP CD4034BE TC4543BP CD4543BE 
TC4035BP CD4035BE TC4544BP CD4555BE 


TC4036B CD4036A TC45S6BP CD4556BE 
TC4038BP C04038BE TC4585BP CD4585BE 
TC40398 CD4039A TP4000AN CD4000AE 
TC4040BP CD4040BE TP4001AN CD4001AE 
TC4042BP CD4042BE TP4001AN CD4002AE 


TC4043BP CD4043BE TP4001BN CD4001BE 
TC4044BP CD4044BE TP4007AN CD4007AE 
TC4047BP CD4047BE TP4007UBN CD4007UBE 
TC4049BP CD4049UBE TP4008BN COD4008BE 
TC4050BP CD4050BE TP4009AN CD4009AE 


TC4051BP CD4051BE TP4009UBN CD4009UBE 
TC4052BP CD4052BE TP4010AN CD4010AE 
TC4053BP CD4053BE TP4010BN CD4010BE 
TC4054BP CD4054BE TP4011AN CD4011AE 
TC4055BP CD4055BE TP4011BN CD4011BE 


TC4056BP CD4056BE TP4012AN CD4012AE 
TC4061 CD4061A TP4013AN CD4013AE 
TC4063BP CD4063BE TP4013BN CD4013BE 
TC4066BP CD4066BE TP4014AN CD4014AE 
TC4068BP CD4068BE TP4015AN CD4015AE 


TC4069BP CD4069UBE TP4015BN CD4015BE 
TC4071BP CD4071BE TP4016AN CD4016AE 
TC4072BP CD4072BE TP4016UBN CD4016BE 
TC4073BP CD4073BE TP4017AN CD4017AE 
TC4075BP CD4075BE TP4018AN CD4018AE 


TC4076BP CD4076BE TP4018BN CD4018BE 
TC4078BP CD4078BE TP4019AN CD4019AE 
TC4081BP CD4081BE TP4019BN CD4019BE 
TC4082BP CD4082BE TP4020AN CD4020AE 
TC4083BP CD4083BE TP40208N CD4020BE 


TC4085BP CD4085BE TP4021AN CD4021AE 
TC4086BP CD4086BE TP4022AN CD4022AE 
TC4093BP CD4093BE TP4023AN CD4023AE 
TC4094BP CD4094BE TP4024AN CD4024AE 
TC40160BP CD40160BE TP40248BN CD4024BE 


TC40161BP CD40161BE TP4025AN CD4025AE 
TC40162BP CD40162BE TP4027AN CD4027AE 
TC40163BP CD40163BE TP4027BN CD4027BE 
TC40174BP CD40174BE TP4028AN CD4027AE 
TC40175BP CD40175BE TP4028BN CD4028BE 


TC40192BP C040192BE TP4029AN CD4029AE 
TC40193BP CD40193BE TP4030AN CD4030AE 
TC4508BP CD4508BE TP4030BN CD4030BE 
TC4510BP CD4510BE TP4035BN CD4035BE 
TC4511BP CD4511BE TP4040AN CD4040AE 


TC4512BP CD4512BE TP4040BN CD4040BE 
TC4514BP CD4514BE TP4042AN CD4042AE 
TC4515BP CD4515BE TP4042BN CD4042BE 
TC4516BP CD4516BE TP4043AN CD4043AN 
TC4518BP CD4518BE TP4043BN CD4043BE 


TP4044AN CD4044AE 
TP4044BN CD4044BE 
TP4049AN CD4049AE 
TP4049UBN CD4049UBE 
TP4050AN CD4050AE 


TP4050BN CD4050BE 
TP4051AN CD4051AE 
TP4051BN C04051BE 
TP4052AN CD4052AE 
TP4052BN CD4052BE 


TP4053AN CD4053AE 
TP4053BN CD4053BE 
TP4066AN CD4066AE 
TP4068AN CD4068AE 
TP4069UBN CD4069UBE 


TP4070BN CD4070BE 
TP4071BN C04071BE 
TP4072BN CD4072BE 
TP4073BN CD4073BE 
TP4075BN CD4075BE 


TP4081BN CD4078BE 
TP4082BN CD4081BE 
TP4083BN CD4082BE 
TP4511BN CD4511BE 
TP4512BN CO04512BE 


TP4520AN CD4520AE 
HPD4001C CD4001AE 
uPD4002C CD4002AE 
yPD4011C CD4011AE 
uPD4012C CD4012AE 


uPD4013C CD4013AE 
uPD4014C CD4014AE 
uPD4015C CD4015AE 
uPD4017C CD4017BE 
uPD4019C CD4019AE 


uPD4020C CD4020AE | 
uPD4021C CD4023AE | 
HPD4023C CD4023AE 
uPD4024C CD4024BE 
uPD4025C CD4025AE 


uPD4027C CD4027AE 
uPD4028C CD4028AE 
uPD4029C COD4029AE 
uPD4030C CO4030AE 
uPD4034C C0D4034BE 


H#PD4035C CD4035BE 
uPD4040C CD4040BE 
uPD4042C CD4042AE 
uPD4043C CD4043BE 
uPD4044C CD4044BE 


uPD4049C CD4049AE 
puPD4050C CD4050AE 
uPD4051C CD4051BE 
uPD4052C CO4052BE 
uPD4053C CO4053BE 
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Cross-Reference Guide 


; RCA 
Industry Replacement 
Type Type 


RCA RCA 
industry Replacement Industry Replacement 
Type Type Type Type 


uPD4063C CD4063BE 
uPD4066C CD4066AE 
uPD4069C CD406SUBE 
uPD4071C CD4071BE 
uPD4072C CD4072BE 


uPD4073C CD4073BE 
uPD4075C CD4075BE 
uPD4081C CD4081BE 
uPD4082C CD4082BE 
uPD4093C CD4093BE 


uPD4094C CD4094BE uPD4555C. CD4555BE 
uPD4099C CD4099BE uUPD4556C CD4556BE 
HPD4508C CD4508BE 
uPD4510C CD4510BE 
vPD4511C CD4511BE 


HPD4514C CD4515BE 
uPD4516C CD4516BE 
uPD4518C CD4518BE 
uPD4520C CD4520BE 
uPD4532C CD4532BE 
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General Operating and Application Considerations 


This section is intended as a guide to cir- 
cuit and equipment designers in the 
operation and application of MOS inte- 
grated circuits. It covers general operat- 
ing and handling considerations with re- 
spect to the following critical factors: 

© Operating supply-voltage range 

© Power dissipation and derating 

© System noise considerations 

© Power-source rules 

© Gate-oxide protection networks 

© Input signals and ratings 

© Chip assembly and storage 

® Device mounting 

® Testing 


More specific information is then given 
on significant features, special design 
and application requirements, and 
standard ratings and electrical character- 
istics for CMOS A- and B-series logic 
circuits, and on CMOS special-function 
circuits (telecommunications and special 
interface and display driver circuits). 


GENERAL OPERATING AND 
HANDLING CONSIDERATIONS 


The following paragraphs discuss some 
key operating and handling considera- 
tions that must be taken into account to 
achieve maximum advantage of the 
CMOS technology. Additional informa- 
tion on the operation and handling of 
CMOS integrated circuits is given in 
ICAN-6525, “Guide to Better Handling 
and Operation of CMOS Integrated Cir- 
cuits,” included in the Application Notes 
Section of this DATABOOK. 


Operating Supply-Voltage Range 


Because logic systems occasionally ex- 
perience transient conditions on the 
power-supply line which, when added to 
the nominal power-bus voltage, could 
exceed the safe limits of circuits con- 
nected to the power bus, the recom- 
mended operating supply-voltage ranges 
are 3 to 12 volts for A-series devices and 
3 to 18 volts for B-series devices. The 
recommended maximum power-supply 
limit is substantially beiow the minimum 
primary breakdown limit for the devices 
to allow for limited power-supply tran- 
sient and regulation limits. For circuits 
that operate in a linear mode over a por- 
tion of the voltage range, such as RC or 


crystal oscillators, a minimum supply 
voltage of 4 volts is recommended. 


Power Dissipation and Derating 


The power dissipation of a CMOS inte- 
grated circuit is the sum of a de (quies- 
cent) component and an ac (dynamic) 
component. The dc component is the 
sum of the net integrated-circuit reverse 
diode-junction current and the surface 
teakage current times the supply volt- 
age. In standard A- or B-series logic de- 
vices, the de dissipation typically ranges, 
depending upon device complexity, 
from 100 to 400 nanowatts for a supply 
voltage of 10 volts. Worst-case dc dissi- 
pation is the product of the maximum 
quiescent current (given in the data 
sheet on each device) and the dc supply 
voltage Vpp. 


Dynamic power dissipation has 3 com- 
ponents: 

a) The dissipation that results from cur- 
rent that charges and discharges the 
external load capacitance of the out- 
put buffers. The dissipation of each 
output buffer is equal to CVf, where 
C is the load capacitance, V is the 
supply voltage, and F is the switching 
frequency of that output. 

The dissipation that results from cur- 
rent that charges and discharges the 
internal node capacitances. 

The dissipation caused by the cur- 
rent spikes through the PMOS and 
NMOS transistors in series at the in- 
stant of switching. This component 
amounts to approximately 10 per 
cent of the total dissipation, shown 
graphically in the data sheets of most 
RCA CMOS circuits. 
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All CMOS devices are rated at 200 mW 
per package at the maximum operating 
ambient temperature rating (T,) for the 
package type (85°C for plastic packages 
and 125°C for ceramic packages). Power 
ratings for temperatures below the max- 
imum operating temperature are shown 
in the standard CMOS thermal derating 
chart in Fig. 1. This chart assumes that (a) 
the device is mounted and soldered (or 
placed in a socket) on a PC board; (b) 
there is natural convection cooling, with 
the PC board mounted horizontally; and 
(c) the pressure is standard (14.7 psia). In 
addition to the over-all package dissipa- 
tion, device dissipation per output tran- 
sistor is limited to 100 mW maximum over 
the full package operating-temperature 
range. 


@ PACKAGES E (@5°C RATING) 
@PAcKaces D,F,K (125°C RATING) 






PACKAGE DISSIPATION— mw 





8L--~4----- 





# 00 20 
AMBIENT TEMPERATURE (Ta)—*C 
sees 27190 


Fig. 1—Standard CMOS thermal derating 
chart. 


System Noise Considerations 

In general, CMOS devices are much less 
sensitive to noise on power and ground 
lines than bipolar logic families (such as 
TTL or DTL). However, this sensitivity 
varies as a function of the power-supply 
voltage, and more importantly as a 
function of synchronism between noise 
spikes and input transitions. Good power 
distribution in digital systems requires 
that the power bus have a low dynamic 
impedance; for this purpose, discrete 
decoupling capacitors should be dis- 
tributed across the power bus. A more 
detailed discussion of CMOS noise 
immunity is provided by ICAN-6587, 
“Noise Immunity of B-series CMOS Inte- 
grated Circuits,” inthe Application Notes 
Section. 


Power-Source Rules 
Fig. 2 shows the basic CMOS inverter and 
its gate-oxide protection network plus 
inherent diodes. The safe operating 
procedures listed below can be under- 
stood by reference to this inverter. 

©Voo 


if i | 


* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 









9208 -27965R2 


Fig. 2—Basic CMOS inverter with B-series 
types protection network. 


1. When separate power supplies are 
used for the CMOS device and for 
the device inputs, the device power 
supply should always be turned on 
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before the independent input signal 
sources, and the input signals should 
be turned off before the power supply 
is turned off (Vss = Vi SVop aS aMaxi- 
mum limit). This rule will prevent over- 
dissipation and possibile damage to 
the D2 input-protection diode when 
the device power supply is grounded. 
When the device power supply is an 
open circuit, violation of this rule can 
result in undesired circuit operation 
although device damage should not 
result; ac inputs can be rectified by di- 
ode D2 to act as a power supply. 


2. The power-supply operating voltage 
should be kept safely below the abso- 
lute maximum supply rating, as indi- 
cated previously. 

3. The power-supply polarity for 
CMOS circuits should not be reverse 
The positive (Voo) terminal should 
never be more than 0.5 volt negative 
with respect to the negative (Vss) ter- 
minal (Vpo — Vss >—0.5 V). Reversal of 
polarities will forward-bias and short 
the structural and protection diode 
between Vop and Vss. 


4. Voo should be equal to or greater than 
Voc for CMOS buffers which have 
two power supplies (except for the 
CD40109B, and in particular, for CD- 
4009 and CD4010 CMOS-to-TTL 
“down”-conversion devices). 


5. Power-source current capability 
should be limited to as low a value as 
reasonable to assure good logic oper- 
ation. 


6. Large values of resistors in series with 
Voo or Vss should be avoided; tran- 
sient turn-on of input protection di- 
odes can result from drops across 
such resistors during switching. 


Gate-Oxide Protection Network 


A problem occasionally encountered in 
handling and testing low-power semi- 
conductor devices, including MOS and 
small-geometry bipolar devices, has 
been damage to gate oxide and/or p-n 
junctions. Fig. 3 shows the gate-oxide 
protection circuits used to protect CMOS 
devices from static electricity damage. 
ICAN-6572 gives further information on 
protection circuits. Although these cir- 
cuits are included in all CMOS devices, 
the handling precautions in ICAN-6572 
and ICAN-6525 should be observed. 
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* THESE OIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS 
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(a) For standard A-series CMOS product. 
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“THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS 


92C$- 29510 


‘b) For improved B-series CMOS prod- 
uct. 
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(c) ForCD4049UB, CD4050B, and CD40109B 
CMOS types. 





DIODE BREAKDOWN jae 2 
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* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 


92CS—27967Al 
(d) For CMOS transmission gates. 


Fig. 3—Gate-oxide protection networks used in 
RCA CMOS integrated circuits. 


input Signals and Ratings 


1. Input signals should be maintained 
within the power-supply voltage 
range, Vss < Vi = Vpo. If the input sig- 
nal exceeds the recommended input- 
signal-swing range, the input current 


should be limited to +100 ZA to mini- 
mize cross talk between input signals 
on adjacent terminals, and also to 
minimize any reduction in noise im- 
munity. 

The absolute-maximum input-cur- 
rent rating of +10 mA, shown in the 
published data, protects the device 
against the possible occurence of an 
induced Vop — Vss latch condition, or 
damage to the input protection di- 
odes. Latch-up conditions are ex- 
plained in ICAN-6525. 


2. ALL CMOS inputs should be termi- 
nated. An exception can be made in 
the case of unbuffered NOR and 
NAND gates (A-series and UB types) 
where terminating one of the series 
inputs to the proper polarity will not 
permit current flow caused by a float- 
ing input. Thus, tying low one of the 
inputs of an unbuffered NAND gate, 
or tying high one of the inputs of an 
unbuffered NOR gate will satisfy this 
requirement. 


When CMOS inputs are wired to edge 
card connectors with CMOS drive 
coming from another PC board, a 
shunt resistor in the range of 100 
kohms should be connected to Vpp or 
Vgg, a8 applicable, in case the inputs 
become unterminated with the power 
supply on. 

3. When CMOS circuits are driven by 
TTL logic, a “pull-up” resistor should 
be connected from the CMOS input to 
5 volts (further information is given in 
ICAN-6602). 


Output Rules 


1. The power dissipation in a CMOS 
package should not exceed the rated 
value for the ambient temperature 
specified. The actual dissipation 
should be calculated when (a) short- 
ing outputs directly to Von or Vss, (b) 
driving low-impedance loads, or (c) 
directly driving the base of p-n-p or 
n-p-n bi-polar transistor. 

2. Output short circuits often result from 
testing errors or improper board as- 
sembly. Shorts on buffer outputs or 
across power supplies greater than 5 
volts can damage CMOS devices. 

3. CMOS, like active pull-up TTL, cannot 
be connected in the “wire-OR” con- 
figuration because an “on” PMOS and 
an “on” NMOS transistor could be 
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directly shorted across the power- 
supply rails. (Exception: CD40107B) 


4. Paralleling inputs and outputs of 
gates is recommended only when the 
gates are within the same IC package. 


5. Output loads should return to a voit- 
age within the supply-voltage range 
(Vpp to Vss). 

6. Large capacitive loads (greater than 
5000 pF) on CMOS buffers or high- 
current drivers act like short circuits 
and may over-dissipate output transis- 
tors. 

7. Output transistors may be over-dissi- 
pated by operating buffers as linear 
amplifiers or using these types as 
one-shot or astable multivibrators. 


Nolse Immunity and Noise Margin 


The compiementary structure of the in- 
verter, common to all GMOS logic de- 
vices, results in a near-ideal input-output 
transfer characteristic, with switching 
point midway (45% to 55%) between the 0 
and 1 output logic tevels. The result is 
high dc noise immunity. 


Fig. 4 shows a typical transfer curve that 
may be used to define the dc noise 
immunity of CMOS integrated circuits. 
The noise-immunity voltage (Vj, or Vj) is 
the noise voltage at any one input that 
does not propagate through the system. 
Minimum noise immunity for buffered B- 
series CMOS devices is 30, 30, and 27 per 
cent, respectively for supply voltages 
Vpp of 5, 10, 15 volts and 20 per cent 
of Vpp for all unbuffered gates. The Vi. 
and Vi, specifications define the maxi- 
mum permissible additive noise voltage 
at an input terminal when input signals 
are within 50 millivolts of the supply rails. 
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! 
o 123 46 67 8 9 10 
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VIN 
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Fig. 4— Typical transfer curve for a inverting 
gate at Von = 10 V. 


Noise margin is the difference between 
the noise-immunity voltage (Vi. or Vin) 
and the output voltage Vo. Noise-margin 
voltage is the maximum voltage that can 
be impressed upon an input voltage Vin 
(where Vin is the Vor Or Von voltage of the 
preceding stage) at any (or all) logic 1/O 
terminals without upsetting the logic or 
causing any output to exceed the output 
voltage (Vo) conditions specified for Vir 
and Vin ratings. Fig. 5 iilustrates the 
noise-margin concept in a simple sys- 
tem. Minimum noise margins for buf- 
fered B-series CMOS devices are 1, 2, 
and 2.5 voits, respectively, for supply vol- 
tages of 5, 10, and 15 volts. 


VoL #0.5V Vou *4.5V 
Viva * 1Y V2 


VIL*15V VIHn*3.8V Vo 10.5 
ae TL : IH : fo. 


92CS-29513 


Vpp*5¥ 





Fig. 5— Noise margin example using invert- 
ers. 


Of the two noise-limitation specifica- 
tions (noise immunity and noise mar- 
gin), RCA considers noise immunity to 
be more practical for CMOS devices 
because CMOS outputs are normally 
within 50 millivolts of supply rails. 


Noise immunity increases as the input 
pulse width becomes less than the prop- 
agation delay of the circuit. This condi- 
tion is often described as ac noise immu- 
nity. (Further information on noise im- 
munity is given in ICAN-6587). 


Clock Rise- and Fall-Time Requirements 


Most CMOS clocked devices have maxi- 
mum rise- and fall-time ratings (normally 
5to 15 microseconds). With longer rise or 
fall times, a device may not function 
properly because of data ripple-through, 
false triggering problems, etc. Some B- 
series CMOS counters have Schmitt- 
trigger shaping circuits built into the 
clock circuit, removing the restriction for 
input rise or fall times. Long rise and fall 
times on CMOS buffer-type inputs cause 
increased power dissipation which may 
exceed device capability for operating 
power-supply voltages greater than 5 
volts. 


Parallel Clocking 

Process variations leading to differences 
in input threshold voltage among ran- 
dom device samples can cause foss of 


data between certain synchronously 
clocked sequential circuits, as shown in 
Fig. 6. This problem can be avoided if the 
maximum clock rise time (t,CL) for cas- 
cading any two CMOS sequential de- 
vices is limited in accordance with the 
following equations: 


A Series Types 

2 _ 0.8Vop (v) 
MaximumtCL = “725 (vy) () X tp(ns) 
B Series Types 
Maximumt,CL = ae ~ X t,(ns) 


where tp = tren Or tein (whichever is 
smaller) for the unit A in Fig. 6 as speci- 
fied on the device data sheet at the speci- 
fied value of Vpp and loading conditions. 
Schmitt trigger circuits such as the CD- 
40938 are an ideal solution to applica- 
tions requiring wave-shaping. 


CASCADING WITH SLOW CLOCK 
CAN CAUSE ERROR 


D a2 
eel ibe 
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Fig. 6 — Error effect that results from a slow 
clock in cascaded circuits. 


Three-State Logic 


Three-state logic can be easily imple- 
mented by use of a transmission gate in 
the output circuit; this technique pro- 
vides a solution to the wire-OR problem 
in many cases. 


Chip Assembly and Storage 


RCA CMOS integrated circuits are pro- 
vided in a chip form (H suffix) to allow 
customer design of special and complex 
circuits to suit individual needs. CMOS 
chips are electrically identical to and offer 
the features of their counterparts sealed 
in ceramic and plastic packages. The fol- 
lowing paragraphs describe mounting 
considerations, packaging, shipping and 
storage criteria, handling criteria, visual 
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inspection criteria, testing criteria, and 
bonding pad layout and dimensions for 
each chip. 


Mounting Considerations. Ail CMOS 
chips are non-gold backed and require 
the use of epoxy mounting. DuPont 
No’s. 6838 or 5504A conductive silver 
paste or equivalent is recommended. In 
any case the manufacturer's recommend- 
ations for storage and use should be 
followed. If DuPont No., 6838 or 5504A 
paste is used, the bond should be cured 
at temperatures between 185°C and 
200°C for 75 minutes. 


In CMOS circuits MOS-transistor p- 
channel substrates (n-type bulk materl- 
al) are connected to Vpo, therefore, when 
chips are mounted and a conductive 
paste Is used care must be taken to keep 
the active substrate Isolated from ground 
or other circult elements. 


Packing, Shipping, and Storage Criteria. 
Solid-state chips, being small in size and 
unencapsulated, are physically fragile 
and small in physical size, and therefore, 
require special handling considerations 
as follows: 


1. Chips must be stored under proper 
conditions to insure that they are not 
subjected to a moist and/or contami- 
nated atmosphere that could alter 
their electrical, physical, or mechani- 
cal characteristics. After the shipping 
container is opened, the chip must be 
stored under the following condi- 
tions: 

A. Storage temperature, 40°C max. 
B. Relative humidity, 50% max. 
C. Clean, dust-free environment. 


2. The user must exercise proper care 
when handling chips to prevent even 
the slightest physical damage to the 
chip. 


3. During mounting and lead bonding of 
chips the user must use proper as- 
sembly techniques to obtain proper 
electrical, thermal, and mechanical 
performance. 


4. After the chip has been mounted and 
bonded, any necessary procedure 
must be followed by the user to insure 
that these non-hermetic chips are not 
subjected to a moist and contaminat- 
ed atmosphere which might cause the 
development of electrical conductive 
paths across the relatively small insu- 
lating surfaces. In addition, proper 
consideration must be given to the 
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protection of these devices from 
other harmful environments which 
could conceivably affect their 
performance and/or reliability. 


Handling Criteria. The user should find 
the following suggested precautions 
helpful in handling CMOS chips. 


Because of the extremely small size and 
fragile nature of chips, the equipment 
designer should exercise care in 
handling these devices. 


For additional handling considerations 
for CMOS devices, refer to ICAN-6525, 
“Guide to Better Handling and Operation 
of CMOS integrated Circuits.” 


1. Grounding 


a. Bonders, pellet pick-up tools, table 
tops, trim and form tools, sealing 
equipment, and other equipment 
used in chip handling should be 
properly grounded. 

b. The operator should be properly 
grounded. 


2. In-Process Handling 


a. Assemblies or subassemblies of 
chips should be transported and 
stored in conductive carriers. 

b. Allexternal teads of the assemblies 
or subassemblies should be short- 
ed together. 


3. Bonding Sequence 


a. Connect Von first to external con- 
nections, for example, terminal 14 
of the CD4001AH. 

b. Remaining functions may be con- 
nected to their external connec- 
tions in any sequence. 


4. Testing 


a. Transport all assemblies of chips 
in conductive carriers. 

b. In testing chip assemblies or sub- 
assemblies, the operator should be 
properly grounded. 


Visual Inspection Criteria. All standard 
commercial CMOS chips undergo a 
visual! inspection which is patterned after 
MIL-STD-883, Method 2010, Condition B 
with modifications reflecting CMOS 
requirements. 


Testing Criteria. CMOS chips are dc elec- 
trically tested 100% in accordance with 
the same standards prescribed for RCA 
devices in standard packages. 


Device Testing 
RCA CMOS circuits are 100-percent 


tested by circuit probe in the wafer stage 
and are 100-percent tested again after 
they have been packaged. DC tests of 
RCA devices are performed at 5, 10, 15, 
and 20 volts; functionality is checked at 
2.8, 17, and 20 voits depending on family 
(i.e., A or B series). Sample testing is 
used to assure adherence to quality re- 
quirements and ac specifications. 


Static tests, high-speed functional and 
de parametric tests, are performed at 
wafer and package stages by means of a 
Teradyne J283 test set. A Teradyne 
S157CM test set and a Macrodata MD154 
test set are used in dynamic testing. Dy- 
namic tests are performed with 15 and 50 
picofarad loads. Testing at 15 picofarads 
is accomplished primarily by laboratory 
“bench-test” techniques; automatic test- 
ing at 15 picofarads is difficult because 
of the high input capacitance (approxi- 
mately 20 to 35 picofarads) of most auto- 
matic ac test sets. 


Users should follow the sequence below 

when testing CMOS devices: 

1. Insert the device into the test socket. 

2. Apply Vop. 

3. Apply the input signal. 

4. Perform the test. 

5. On completion of test, remove the in- 

put signal. 

. Turn off the power supply (Voo). 

7. Remove the device from the test socket 
and insert it into a conductive carrier. 
CMOS devices under test must not be 
exposed to electrostatic discharge or 
forward biasing of the intrinsic protec- 
tive diodes shown in Fig. 3. 


Detailed information on the techniques 
employed in the testing of RCA CMOS 
integrated circuits are described in ICAN- 
6532 included in the Application Notes 
Section of this DATABOOK. 


fo) 


Device Mounting 


Integrated circuits are normally supplied 
with lead-tin plated leads to facilitate 
soldering into circuit boards. In those 
relatively few applications requiring 
welding of the device Jeads, rather than 
soldering, the devices may be obtained 
with nickel-plated Kovar leads. * Itshould 
be recognized that this type of plating 
will not provide complete protection 
against lead corrosion in the presence of 
high humidity and mechanical stress. 





*MIL-M-38510, paragraph 3,5,6,1 (a), lead 
material 
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In any method of mounting integrated 
circuits which involves bending or form- 
ing of the device leads, it is extremely im- 
portant that the lead be supported and 
clamped between the bend and the 
package seal, and that bending be done 
with care to avoid damage to lead plat- 
ing. In no case should the radius of the 
bend be less than the diameter of the 
lead. It is also extremely important that 
the ends of bent leads be straight to as- 
sure proper insertion through the holes 
in the printed-circult board. 


A-SERIES CMOS 
INTEGRATED CIRCUITS 


RCA CD4000A-series types have a maxi- 
mum de supply-voltage rating of -0.5 to 
15 volts, and a recommended operating 
supply-voltage range of 3 to 12 volts. The 
major features of this series are as fol- 
lows: 


® Quiescent current specified to 15 
volts 

© 5-volt and 10-volt parametric ratings 

® Maximum input leakage of 1 uA at 15 
volts over the full package operat- 
Ing-temperature range 

® 1-volt noise margin (full package 
temperature range) 


Table | shows the maximum ratings and 
the recommended operating supply-volt- 
age range for RCA A-series CMOS inte- 
grated circuits. 


Static Electrical Characteristics 


Table It shows the standard dc electrical 
characteristics for A-series types. The 
data sheet for each of these types con- 
tains the family characteristics shown in 
Table | plus additional de characteristics 
that are type-dependent. 


Dynamic Electrical Characteristics 


A-series dynamic electrical characteris- 
tics are specified for individual types un- 
der the following conditions: Vop = 5 V 
and 10 V; Ta =25°C (temperature coeffi- 
cient is typically 0.3%/°C); C_ = 15 pF; t, 
and t; of inputs = 20 ns. 


HIGH-VOLTAGE B-SERIES 

CMOS INTEGRATED 

CIRCUITS 

RCA-CD4000B-series types have a max- 
imum de supply-voltage rating of -0.5 to 
20 volts, and a recommended operating 
supply-voltage range of 3 to 18 volts. The 


major features of this series are as fol- 
lows: 
© High-voltage (20-V) ratings 
© 100% tested for quiescent current at 
20 V 
e 5-V, 10-V, and 15-V parametric rat- 
ings 
¢ Standardized, symmetrical output 
characteristics 
® Maximum input current of 1 uA at 18 
V over full-package-temperature 
range; 100 nA at 18 V and 25°C 
® Noise margin (full package-temper- 
ature range) = 


1VatVpn = 5V 
2VatVpp = 10 V 
2.5VatVon = 15 V 


¢ Meets all requirements of JEDEC 
Tentative Standard No. 13B, “Stand- 
ard Specifications for Description of 
‘B’ Series CMOS Devices 


JEDEC Minimum Standard 


Under the sponsorship of the Joint Elec- 
tron Devices Engineering Council 
(JEDEC) of the Electronic Industries As- 
sociation (EIA), minimum industrial 
standards have been established for the 


Table! — Maximum Ratings and Recommended Operating Conditions tor A-Series CMOS 
Integrated Circuits 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 


POWER DISSIPATION PER PACKAGE (Pp): 





For Ta = -40 to +60°C (PACKAGE TYPE E) ........seccceeeree rece en ceneeennnneeeees 500 mw 

For Ta = +60 to +85°C (PACKAGE TYPE E) ......---:sseeeeeseeeeeee Derate Linearly to 200 mW 

For T, = -55 to +100°C (PACKAGE TYPES D, F, K,H).......sseceecceee eee eee seen eens 500 mW 

For Tp = +100 to +125°C (PACKAGE TYPES O, F, K,H) ...........065 Derate Linearly to 100 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............... 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K,H ccc ccc cece cree cere renee eee e cette ee en ene seeenees -55 to +125°C 

PACKAGE TYPE E ....... cece cece eee e eee .. 40 to +85°C 
STORAGE TEMPERATURE RANGE (TsTq) ~65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 108 MAX. .......... eee e eee +265°C 


RECOMMENDED OPERATING CONDITIONS 
For maximum rellabillty, nominal operating conditions should be selected so that opera- 


ation Is always within the following ranges: 
LIMITS 
UNITS 


| Min. | Max. | 
ps |e |v 


CHARACTERISTIC 


Supply-Voltage Range (For Ta = Full Package- 


Temperature Range) 

















Table Il — A-Se 


















VOLTS — MIN. | TYP. 
Output Low 
loltage 
Output High 
oltage 


General Operating and Application Considerations 


ries Static Electrical Characteristics (Full Package Temperature Range) 






LIMITS 


CONDITIONS 





z 
4 
@ 


1) 





2° 
ao 
an 
=<|<4 


Vie Noise Voltage 
(SS! Types) (Input Low) 
Van Noise Voltage 
(SSI Types) |(Input High) 
Vue Noise Voltage 
(MSI Types)i(Input Low) 
Van Noise Voltage 
(MSI Types)i(Input High) 
Vai lolse Margin 
(Input Low) 
Vim INoise Margin 
(input High) 
Input Leakage 
Low 
Quiescent Device 
Leakage 
Output Source and 
Sink current 





Note: Logic Level Inversion Assumed in Table Il. 


maximum ratings, static and ac electri- 
cal characteristics of B-series CMOS in- 
tegrated circuits. The JEDEC standard 
(JEDEC Tentative Standard No. 138) 
defines B-series CMOS integrated cir- 
cuits as a uniform family of both buffered 
and unbuffered types that have an abso- 
lute de supply-voltage rating of at least 
18 volts. 


Buttered CMOS devices are types in 
which the output “on” impedance Is in- 
dependent of any and all valid input logic 

. conditions, both preceding and present. 
All such CMOS product are designated 
by the suffix “B” following the basic type 
number, 


Unbuffered CMOS devices are types 
that meet all B-series specifications ex- 
cept that the logical outputs are not buf- 
fered and the noise-immunity voltages, 
Va and Vin, are specified as 20 and 80 per 
cent, respectively, of Von for operation 
from 5 or 10 volts, and 17 and 83 per cent, 
respectively, of Vop for operation from 15 
volts. All such CMOS product are desig- 
nated by the suffix “UB”. 


The JEDEC minimum standard also in- 
cludes in the B-series CMOS types that 
have analog inputs or outputs and, in ad- 
dition, have maximum ratings and logi- 
cal input and output parameters that 
conform to B-series specifications 
wherever applicable. These CMOS de- 
vices are also designated by the suffix 
“B", 

All B-series CMOS devices can directly 
replace their A-series counterparts in 
most applications. The UB types are 
high-voltage versions of corresponding 
A-series (unbuffered) types. 

Table Ill lists the JEDEC minimum 
standards established for the maximum 
ratings and recommended operating 
conditions for B-series CMOS integrat- 
ed circuits. 

Table IV shows the JEDEC standards for 
the static electrical characteristics of 
CMOS B-series integrated circuits. 


Standardized RCA Ratings 
and Static Characteristics 
RCA B-series CMOS integrated cir- 


les 


<<[<<;[<< 


cuits meet or exceed the most stringent 
requirements of the JEDEC B-series 
specifications. Table V shows the stand- 
ardized maximum ratings and recom- 
mended operating supply-voltage range 
for RCA B-series CMOS integrated cir- 
cuits. The standardized static electrical 
characteristics for these devices are 
shown in Table Vi. As with the JEDEC 
specifications, the RCA standardized 
characteristics classifies the B-series 
devices into three leakage (quiescent- 
device-current) categories. Table VII lists 
the RCA types in each category and indi- 
cates types that, although they are still 
B-series types, differ in one or more static 
charactistics. 

Tables V and Vi show that, in a number of 
important respects, RCA has established 
new performance standards for B-series 
CMOS logic circuits. 


1. Tight limits for all packages 
RCA devices use the same set of lim- 
its for all package styles. The JEDEC 
standard establishes two sets of limits 
for most dc (static) parameters; a 


gen E-PRINT TOSS 
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General Operating and Application Considerations 


Table tI! ~ JEDEC Minimum Standards for Maximum Ratings 
and Recommended Operating Conditions for B-series CMOS 
Integrated Circuits* 


Absolute Maximum Ratings (Voltages referenced to Vss): 


DC Supply Voltage Vpn 0.5 to +18 Vde 
Input Voltage Vin 0.5 to Von +0.5 Vdc 
DC Input Current lin = £10 mAdc 
(any one input) 
Storage-Temperature Range Ts -65 to +150 °C 
Recommended Operating Conditions: 
DC Supply Voltage Von +3 to +15 Vde 
Operating-Temperature Range, Ta 
Military-Range Devices -55 to +125 °C 
Commercial-Range Devices -40 to +85 °C 


“Reprinted from JEDEC Tentative Standard No. 13-8, “Standard 
Specifications for Description of B-Series CMOS Devices.” 


Table iV — JEDEC Standard for Static Characteristics of B-Series CMOS Integrated Circuits“ 


LIMITS 
TEMP. 
PARAMETER RANGE 


Quiescent 
lop | Device Current Vin = Vss or Vop 
All valid input 
combinations 
Vin = Vss or Vop 
BUFFERS, 
FLIP-FLOPS All valid input 
combinations 
i Vin = Vss or Vb 
All valid input 
combinations 
Var| Low-Level 
Output Voltage Vin = Vss or Vob 
flo] <1uA 

















High-Level 
Output Voltage Vin = Vss or Voo 
J'o] <1uA 











Input Low Vo = 0.5V of 4.5V 
Voltage Vo = 1.0V or 9.0V 

Vo=1.5V or 13.5V 
B Types [lof <1uA 


Vo = 0.5V or 4.5V 
Vo = 1.0V or 9.0V 
Vo = 1.5V or 13.5V 
|'o <1uA 


Input High Vo = 0.5V or 4.5V 
Voltage Vo = 1.0V or 9.0V 

Vo=t.SV or 13.5V 
B Types ['o| <tuA 


Vo = 0.5V or 4.5V 
Vo = 1.0V or 9.0V 
Vo = 1.5V or 13.5V 
flo] <1uA 

















Table IV - JEDEC Standard for Static Characteristics of B-series CMOS Integrated Circuits 


TEMP. 


PARAMETER RANGE 


Output Low 
(Sink) Current 


Output High 
(Source) 
Current 


General Operating and Application Considerations 


CONDITIONS 


Vo = 0.4V 
Vin = 0 or 5V 
Vo = O.5V, 

Vin = Oor 10V 
Vo = 1.5V, 

Vin = Oor 15V 


Vo = 0.4V, 

Vin = Oor5V 
Vo = 0.5V, 

Vin = 0 or 10V 
Vo = 1.5V, 

Vin = Oor 15V 


Vo = 4.6V, 

Vin = Oor 5V 
Vo = 9.5V, 

Vin = 0 or 10V 
Vo = 13.5V, 

VIN = Oor 15V 


Vo = 4.6V 

Vin = 0 or 5V 
Vo = 9.5V, 

Vin = 0 or 10V 
Vo = 13.5V, 

Vin = 0 or 15V 


Vin = 0 or 15V 
Vin = 0 or 15V 


Any Input 





“Tuow = —55° C tor Military Temp. Range device, ~40° C for Commercial Temp. Range device 
*Tuionh = +125° C for Military Temp. Range device, +85° C for Commercial Temp. Range device 
4 Reprinted from JEDEC Tentative Standard No. 13-B, “JEDEC Standard Specification for Description of B-series CMOS Devices.” 


tight set for products having a full op- 
erating temperature range of —55°C 
to +125°C (normally used for ceram- 
ic packages), and a relaxed set for 
products having a limited tempera- 
ture range of -40°C to +85°C (nor- 
mally used for plastic packages). Be- 
cause RCA supplies only one premi- 
um grade of B-series product in all 
package styles (i.e., fall-out chips are 
not used), all B-series CMOS devices 
are specified to the tight set of limits 
only. 


2. Improved voltage rating 

All RCA B-series devices are tested to 
voltages that insure safe operation at 
the absolute maximum dc supply 
voltage rating of 20 volts. This higher 
rating permits greater derating for re- 
liable 15-volt operation, permits great- 
er 15-volt supply tolerance and peak 
transients, and permits system use to 
18-volts with confidence. 


3. Wider operating range 
All RCA B-series devices have a rec- 


(cont'd) 


ommended maximum operating volt- 
age of 18 volts. This higher limit per- 
mits 18-volt system supply operation, 
and also permits wider power-source 
tolerances and transients for supplies 
normally set up to 18 volts. 


Lower leakage current 

The JEDEC standard establishes 
three sets of limits for quiescent de- 
vice current (loo) intended to match 
chip complexity to device leakage 
current as realistically as possible. 
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General Operating and Application Considerations 


Table V - RCA Standardized Maximum Ratings and Recommended Operating Conditions for 
B-Series CMOS Integrated Circuits 


Maximum Ratings, Absolute-Maximum Values 
DC SUPPLY-VOLTAGE RANGE, (Voo) 


(Voltages referenced to Vss Terminal) ........... ccc cece cece eee e teen teeetesesecenetese -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS.............. cece cece cece ee sececeeeeeceenaes -0.5 to Von +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ...........cc cc cee cece ec neeeseeenteesevensertuceeenns +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to +60° C (PACKAGE TYPE E).......... cece ccc cn cece teste caeceeeeceetnteece 500 mW 

For Ta = +60 to +85° C (PACKAGE TYPE E) .............. Derate Linearly at 12mW/°C to 200 mW 

For Tap = -55 to +100°C (PACKAGE TYPES D,F,K) oo. cece cece cence eet eee es eneeseeeneee 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) ...... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..............000005 100 mw 
OPERATING-TEMPERATURE RANGE (T,): 

PACKAGE TYPES D, Fi Hits isc cce vices veecascresaecer es G4 cadanatecbueuvaaceacde -55 to +125° C 

PACKAGE TYPE Ee vets tii cin cissera-eih viosare quate tsacd aS iid amp setae a ood Gale alee ted Hoe ueeoen -40 to +85° C 
STORAGE-TEMPERATURE RANGE (Taig) 0.05.00 cee cere cree cence ence eee cence een ceeeee -65 to +150° C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX ..........ec cee eee eee +265° C 


Recommended Operating Conditions: 


For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For 
Ta = Full Package Temp- 





erature Range) 


For all three levels of chip complexity, 
all RCA B-series devices (regardless 
of package) conform to the tighter set 
of limits established in the standard. 
In addition, amaximum rating is spec- 
ified at 20V, as well as at 5V, 10V, and 
15V. As a result: 

(a) In current-limited applications, 
CMOS users can depend on one 
tight leakage limit independent of 
package style selected. 

(b) Customer use of CMOS product up 
through 18 volts is protected by a 
published tight leakage current spec- 
ification at 20 volts (as well as by an 
input leakage specification at 18 
volts). 


5. Symmetrical output 


Most RCA B-series devices have bal- 
anced complementary output drive 
(Le., the output high current low rating 
is the same as the output low current 
lo. rating) specified to the tighter set 
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of limits established in the JEDEC 
standard. The balanced output pro- 
vides uniform rise and fall time perfor- 
mance, improved system noise ener- 
gy (dynamic) immunity, optimum de- 
vice speed for both output switching 
low-to-high (ten) and output switch- 
ing high-to-low (tru), and in general 
the identical high and tow dc and ac 
characteristics normally associated 
with a good complementary output 
drive circuit. MOS system design, 
simulation, and performance are sig- 
nificantly enhanced by equal high 
and low dc and ac performance rat- 
ings and one tight specification limit 
for all package styles. 


. Improved input current (leakage) 


ratings 

All RCA B-series devices (regardless 
of package) have a maximum input 
leakage current (lin) rating of 100 nA 
specified at voltages up to 18 V, anda 


maximum limit of 1 wA at the upper 
limit of the package-temperature 
range. Actually, the 100 nA rating isa 
practical specification timited by the 
inability of commercial test equip- 
ment to measure lower currents. Lab- 
oratory tests show that input leakage 
currents of RCA B-series CMOS de- 
vices are significantly lower than this 
limit, typically ranging from 10 to 100 
pA. 


. Buftered and unbuffered gates 


The new industry standard establish- 
es a suffix “UB” for CMOS products 
that meet all B-series specifications 
except that the logical outputs of the 
devices are not buffered and the Vi 
and Vin specifications are relaxed. 
The suffix “B” defines only buffered- 
output devices in which the output 
“on” impedance is independent of 
any and ail valid input logic condi- 
tions, both preceding and present. 
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Table Vi — RCA B-series CMOS Standardized Electrical Characteristics 














LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F,K,H Packages 
Values at 40, +25, +85 Apply to E Package 






CONDITIONS 


CHARACTER- 
ISTIC 




































aes 
Quiescent Device | 0.01 | 
Current, pos {| 05 { 15 | 15 | | 0.01 | 
has ee oe 
inverters Bee oe ee 
fae ee 
Level Gates a HA 
ee [| 20 {| 20 [ 600 | 600 | [| 0.04 | 
Complex Logic | 5 [| 5 | 150 | 150 | | 0.04 | 
(MSI-2 Types) | 10 [ 10 | 300 | 300 | | 0.04 | 
| 20 [| 20 | 600 | 600 | | 9.04 | 
| 100 | 100 | 3000 | 3000 | 0.08 
Output Low [0.64 | 0.67 [ 0.42 | 0.36 | 
(Sink) Current eG Ne = [2 0.8 I 
TOL. Min. [42 {| 4 {| 28 | 24 | 
Output High | -0.64 | -0.61 | -0.42 | -0.36 | mA 
(Source) | -2 | -1.8 | -1.3 [ -1.15 | 
Current, | -16 | -15 [| -1.1 | -09 | 
{OH Min. 
13.5 | -4.2 [ 4 | -28 [ -24 | 


Output Voltage: 
Low-Level, 
VOL Max. 


Output Voltage: 
High-Level 
VOH Min. 


Input Low 
Voltage, 
Vit Max. 

B Types 


w 





1.5, 13.5 





| 
t wile 
~ Frey re 





Input High 
Voltage, 
VIH Min. 
B Types 
UB Types 


Input Current 
tin Max. 
3-State Output 
Leakage Current 


louT Max. 
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Classifications of RCA CMOS B-Series Types are shown in Table Vil. 
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General Operating and Application Considerations 


Tabie Vil—Classification of RCA B-series CMOS Integrated Circuits According to Circuit Complexity 
Buffers/Flip-Flop/ 


Latches/Multi-Level 
Gates (MSI-1) 


Gates/ 
inverters 

CD4000B CD4023UB 
CD4000UB CD4025B 
CD4001B CO04025UB 
CD4001UB Cp4048B 
CD4002B CD4066Ba 
CbD4002UB CD4068B 
Cp4007UB CD4069UB 
CD4011B CD4071B 
CD4011UB CD40728 
CD4012B CD4073B 
CD4012UB CD4075B 
CD4016Ba CD4078B 
CD4023B CD4081B 

CD4082B 

CD40117B 


CD4009UBa 
Cbd4010Ba 
CD40138 
CD4019B 
CD4027B 
CD4030B 
CD4041UBBs 
CD4042B 
CD4043B 
CD40448 
CD4047B 
CD4049UB8sa 
CD4050Ba 


CD4070B8 
CD4077B 
CD4085B 
CD4086B 
C040938 
CD40958 
CD40968 
CD4098B 
CD4502Ba 
CD4503B 
CD40106B 
CD40107Ba 
CD40109Ba 
CD40174B 
CD40175B 
CD40257B 


indicates types for which, because of special design requirements, one 
or more static characteristics differ from the standardized data. Reter to 


RCA data pages on these types for specific differences. 


RCA will supply both buffered (“B”) 
and unbuffered (“UB”) versions of the 
popular NOR and NAND gates ‘to 
make available to designers the ad- 
vantages of both. The chart below 
briefly compares the features of the 
two versions (a more detailed cover- 
age of the special features of B- and 
UB-series CMOS gates is provided by 
tCAN-6558 in the Application-Notes 
section): 
8. Rellability 

RCA B-series CMOS integrated 
circuits incorporate the latest im- 


Characteristic 


Propagation Delay (Speed) Moderate 


Noise Immunity/Margin 

Output impedance and 
Output Transition Time 

AC Gain 

Output Oscillation for 
Slow Inputs 

Input Capacitance 
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Complex Logic (MSI-2) 


CD4006B CD4051Bs CD4527B 
Cp4008B 9 CD4052Ba CD4532B 
CD4014B 9 CD4053Be CD4536B 
CD4015B 9 CD4054Be CD4538B 
CD4017B CD4055Bs CD4541B 
CD4018B CD4056Be CD4543B 
Cd4020B CD4060B CD4555B 
CD4021B CD4063B CD4556B 
CD40228 CD4067Bm CD4585B 
Cd4024B 4 CD4076B CD4724B 
CD40268 CD4089B CD40100B 
CD4028B CD4094B CD40101B 
CD40298 CD4097Bs CD40102B 
CD4031B | CD4099B CD40103B 
CD40328 CD4508B CD40104B 
CD40338 CD4510B CD40105B 
CD4034B CD4511Bm CD40108B 
CD4035B CD4512B CpD40110688 
CD4038B CD4514B CD40147B 
Cp40408 CD4515B Cp401608 
CD4045Ba CD4516B CD40161B 
CD4046B8 CD4517B CD40162B 
CD4518B CD40163B 
CD4520B CD40181B 
CD40182B 
CD40192B 
CD40193B8 
CD40194B 
CD40208B 


provements in processing technolo- 
gy and plastic and ceramic packaging 
techniques. Product quality is real- 
time controlled using accelerated- 
temperature group quality screening 
in which measured dc parameters are 
criticized against tight B-series limits. 
Figs. 7 through 10 show the standardized 
n- and p-channel drain characteristics 
for B-series CMOS devices, and Figs. 11 
through 14 shows the normalized varia- 
tion of output source and sink currents 
with respect to temperature and voltage 
in these devices. 


Buffered Unbuffered 
Version Version 
(“B") (“UB”) 

Fast 
Excellent Good 
Constant Variable 
High Medium 
Yes No 
Low High 


B-Series Dynamic Electrical 
Characteristics 


B-series dynamic electrical characteris- 
tics are specified for individual types un- 
der the following conditions: Voo = 5V; 
10V, and 15V; Ta = 25° C; C. = 50 pF; Ri 
= 200 kQ; t, and tr = 20 ns. Table VIH lists 
dynamic characteristics specified for 


RCA B-series CMOS integrated circuits. 
Fig. 13 shows the variation of B-series 
dynamic parameters with temperature. 
Fig. 14 shows the variation of output 
transition time with supply voltage. Fig. 
15 shows the variation of the standard- 
ized output transition time with load 
capacitance. 

Maximum propagation delay or transi- 
tion times for values of C. other than the 
specified 50 picofarads can be deter- 
mined by use of the multiplication factor 
(usually 2) between the typical and max- 
imum values given in the dynamic char- 
acteristics chart included in the techni- 
cat data for each device applied to the 
typical curves, and also shown in the 
device technical data. 
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Fig.7~— Typical output low (sink) current 
characteristics. 
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Fig. 10 —- Minimum output high (source) cur- 
rent characteristics. 
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Fig. 8— Minimum output low (sink) current 
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Fig. 9— Typical output high (source) current 
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Fig. 11—Variation of normalized output low 
(sink) current lo. and output high (source) 
current lon with temperature. 
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92CS-33021 ° 
Fig. 12—Variation of normalized output low 
(sink) current lo. and output high (source) 
current lou with supply voltage. 
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Fig. 13—Variation of tow-to-high (tru) and 
high to low (tr) transition time, and low-to- 
high (teu) and high-to-low (teu) propagation 
delay time with temperature. 


B-Series Dynamic (AC) Switching 
Parameters 


Table VIII defines the major CMOS ac 
characteristics, with reference to the 
waveforms shown in Fig. 16 through 19. 
Test conditions of VDb, low capacitance 
(Ct), and input conditions are given for 
individual types in the published data. 
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92C$-33023 


Fig. 14—Variation of tow-to-high (tru) and 
high-to-low (trui) transition time with 
Supply voltage. 





INVERTING 
OUTPUT 


Fig. 16 — Transition times and propagation 
delay times, combination logic. 
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Fig. 15—Variation of transition time (tryy . 
(ty, 44] with load capacitance . 
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92cs-20070 


Outputs should be switching from 10% Voo to 
90% Voo in accordance with device truth table. 


Fig. 17 — Clock-pulse rise and fall times and 
pulse width. 











General Operating and Application Considerations 


Table Vill - Dynamic Electrical Characteristics - Definitions 
Characteristic 


Propagation Delay: 
Outputs going high to low 
Outputs going low to high teu 


Output Transition Time: 
Outputs going high to low trac 
Outputs going low to high tron 


Pulse Width-Set, Reset, Preset 
Enable, Disable, Strobe, Clock 


two OF twH 
Clock Input Frequency fot 

Clock Input Rise and Fall Time 

Set-Up Time 

Hold Time 

Removal Time - Set, Reset, Preset-Enable 


Three State Disable Delay Times: 
High level to high impedance 
High impedance to low level 
Low level to high impedance 
High impedance to high level 


tren, tree 





NOTE: (1) Byplacing a defining min. or max. in front of definition, the limits can change from min. 


to max., or vice versa. 


(2) Clock input waveform should have a50% duty cycle and be such as to cause the outputs 
to be switching from 10% Vop to 90% Von in accordance with the device truth table. 








a Mie cea 
‘SET, RESET 
Yoo aa eneael trem 4 LT OR (LY OPTIONAL 
50% -\-- 
Yoo for tpi z ond tz, ° 


. {ve for tpnz 76 tezH CS-20080R4 





CS-29614RI 


Fig.19— Setup times, hold times, removal 
time, and propagation delay times 
for positive-edge triggered sequen- 


Fig. 18 — Three-state propagation delay wave 
tial logic circuits. 


shapes and test circuit. 








CMOS Special Products 


RCA supplies a variety of special CMOS 
products that have operating supply- 
voltage ranges and other characteristics 
that differ from the standardized data 
specified for A- and B-series CMOS inte- 
grated circuits. 


These special applications types include 
flash A/D converters for use in low-| 
power consumption, high-speed digit- 
ization applications; crosspoint switches 
for use in telephone and PBX systems, in 
studio audio switching applications, and 
as multisystem bus interconnects; tone 
generators for use in dual-tone telephone 
dialing systems; Interface circuits for 
level-shifting applications to interface 
CMOS logic levels with different logic 
types; and display drivers non-multi- 
plexed, 4-digit, 7-segment LCD types 
containing ali the circuitry necessary for 
driving conventional LCD displays 
without the need for external com- 
ponents. 








CMOS High-Voltage 


B-Series Integrated Circuits 
Technical Data 

















CD4000B, CD4001B, CD4002B, CD4025B Types 


CMOS NOR Gates 


High-Voltage Types (20-Volt Rating) 
Dual 3 tnput 
plus Inverter — CD40008 
Quad 2 input — CD4001B 
Dual 4 Input — CD4002B 
Triple 3 Input — CD4025B 


RCA-CD4000B, CD4001B, CD4002B, and 
CD4025B NOR gates provide the system 
designer with direct implementation of the 
NOR function and supplement the existing 
family of CMOS gates. All inputs and outputs 
are buffered. 

The CD4000B, CD4001B, CD4002B, and 
CD4025B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


STATIC ELECTRICAL CHARACTERISTICS 


Features: 


Propagation delay time = 60 ns (typ.) at 
Cy. = 50 pF, Vpp = 10 V 
Buffered inputs and outputs 
Standardized symmetrical output characteristics 
100% tested for maximum quiescent current at 20 V 
5-V, 10-V, and 15-V parametric ratings 
Maximum input current of 1 A at 18 V 
over full package-temperature range; 
100 nA at 18 V and 259°C 
Noise margin (over full package temperature 
range): 
TVatVpp=5V 
2VatVpp=10V 
2.5 Vat Vop = 15 V 


Meets all requirements of JEDEC Tentative 
Standard No.13A, “Standard Specifications 
for Description of “’B’’ Series CMOS Devices” 





CONDITIONS 
CHARACTER- 


istic 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +125 Apply to D,F,K,H Packages 
Values at —40, +25,+85 Apply to E Package 




























































































Vo | Vin |Vop ee) 
(v} tv) | «vy | 55 | -40 | +85 | +125 | Min. | Typ. | Max. 
Quiescent Device | 5 | 025] 75 | 75{ - | oot | 025 
Current, 05 | 15 15 | - | 001 | os 
1 Max uA 
DD es 7 30 | 30 | - 0.01 | 1 
5 150 | 150] — 0.02 5 
Output Low 0.61 0.42 0.36 | 0.51 1 é 
(Sink) Current 15 11 09 | 13 2.6 
tor Min. , 4 28 | 24/34 [| 68 ‘| 
Output High 46 | 05 | 5 | -0.64|-0.61| -0.42] -0.36]-051] -1 | - mA 
(Source) 2.5 os | 5 | -2 }-1.8 | -13 7.15]-1.6 | -3.2 
aiese 95 [o1o| 10 }-16[-15] 11 |-o9]-13| 26 | - | 
in. b 
OF 13.6 | 0.15 15 [=42 4 28 |_24]-34 | -68 | 
+ 4 
Output Voitage: = 0,5 5 = 
Low-Level r T 
: 0,10 b 
Voe Maw No} 10 ea 
forse} 008 
Output Voltage: - 05 5 
High-Level, 
VOH Min. 
Input Low 
Voltage, 
Vit Max. 
Input High 
Voltage, 
Vin Min. 
tnput Current 
lin Max. “01 | +0.1 
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CD4000B 
FUNCTIONAL DIAGRAM 





92c8- 24762 


CD4001B 
FUNCTIONAL DIAGRAM 
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CD40028 
FUNCTIONAL DIAGRAM 
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CD4025B 
FUNCTIONAL DIAGRAM 

















CD4000B, CD4001B, CD4002B, CD4025B Types 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


LIMITS 


CHARACTERISTIC 





MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vyp) 

(Voltages referenced to Vgg Terminal) . ~0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . fo ged et, Hap Sake co —0.5 to Vpp +0.5 V 
OC INPUT CURRENT, ANY ONE INPUT . .. eta 8S pn gel or, eine ako se OW 410 mA 
POWER DISSIPATION PER PACKAGE (Pp): 





For Ta = —40 to +60°C (PACKAGE TYPE €) ee Rae Ae aye 500 mW 
For Ta 60 to +85°C (PACKAGE TYPE E) . . . Derate Linearly at 12 mW/°C to 200 mW 
For Tq = —55 to +100°C (PACKAGE TYPES D, F, K) ; 500 mw 


For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (Ail! Package Types) 2... wt 100 mW 
OPERATING-TEMPERATURE RANGE (Tal: 


PACKAGE TYPESD,F,K,H . . . —55 to +125°C 


PACKAGE TYPE E Cae ee ee A ae ee ee a --40 to +85°C 
STORAGE TEMPERATURE RANGE {Tstg) Gene Me es i gs ue a A ee ey SY —65 to +750°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 0.79 mm) from case for 10$max. . 2 2... +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At Tg = 25°C; Input t,, t¢= 20ns, C, = 50 pF, Ry = 200kQ 














ALL TYPES 


T 
TEST CONDITIONS Limits 






CHARACTERISTIC UNITS 





Propagation Delay Time, 
‘PHL. tPLH 





Transition Time, 
TTHL. 'TLH 











Input Capacitance, Ci 


Any Input 



































s*iz) 
aun 
* 
4* sy 
> 6(10) 
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LOGIC DIAGRAM 
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PROTECTEO BY 7? (NUMBERS IN PARENTHESES ARE 
COS/MOS PROTECTION Vss TERMINAL NUMBERS FOR SECOND GATE) s2cm- 20900 
NETWORK 
Vg Fig.4 ~— Schematic and logic diagrams for CD4000B. 











AMBIENT TEMPERATURE (Tg) = 25°C 























SUPPLY VOLTAGE (Vog) > 15 V 
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Fig.1 ~- Typical voltage transfer characteristics. 
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POWER DISSIPATION PER GATE (Pp) — pw 
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Fig.2 — Typical power dissipation vs. frequency. 





AMBNENT TEMPERATURE (Tale 26°C: 
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GATE-YO-SOURCE VOLTAGE (Vgs)=!5 V 
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OUTPUT LOW (SINK) CURRENT Up) 4 
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Fig.3 — Typical output low (sink) current 
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Fig.6 — Minimum output tow (sink) 
current characteristics, 
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CD4000B, CD4001B, CD4002B, CD4025B Types 
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Yoo 
Ohad 
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Vss 
Vss HALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK 
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Fig.6 — Schematic and logic diagrams for CD40018. 
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Fig.8 — Schematic and fogic diagrams for c04025B. 
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ORAIN-TO-SOURCE VOLTAGE {Vps)—V 
= =0 -5 ° 
AMBIENT TEMPERATURE (Ta)«25°C 


GATE-TO-SOURCE VOLTAGE (Vgs)*-5V; 
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9205-24320R3 


Fig.9 — Typical output high (source) 
currant characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


5 =!0 -5 J 
AMBIENT TEMPERATURE (Ta)= 25°C: 
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92C$- 2432182 


Fig. 10 ~ Minimum output high (source) 
current characteristics. 


AMBIENT TEMPERATURE (Ta)=25 


TRANSITION TIME (ITHL«tTLW—A8 
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40 60 
LOAO CAPACITANCE {C, )— pF 


9928-20322 


Fig.11 — Typical transition time vs. load 
capacitance. 
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PROPAGATION DELAY TIME PER GATE 
(py teLH) = 8 
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925 -28906 
Fig.12 — Typical propagation delay time 
vs. load capacitance. 
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9205-27402 


Fig. 13 — Input leakage current 
test circuit, 
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NC#NO CONNECTION 
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CD4000B, CD4001B, CD4002B, CD4025B Types 


Yoo 
INPUTS, OUTPUTS 
Yin 
— * 
° 
Yau 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 


92C8~274841R1 


Fig. 14 — Input-voltage 
test circuit. 


TERMINAL ASSIGNMENTS (TOP VIEW) 
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NC =NO CONNECTION 
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CHIP PHOTOGRAPHS 


Dimensions and Pad Layouts 
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Fig.15 ~ Quiescent-device 
current test circuit. 
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CD4000UB, CD4001UB, CD4002UB, CD4025UB Types 


CMOS NOR Gates 


High-Voltage Types (20-Volt Rating) 
Dual 3 input 
plus tnverter—CD4000UB 
Quad 2 Input-CD4001UB 
Dual 4 Input—CD4002UB 
Triple 3 Input-CD4025UB 


RCA-CD4000UB, CD4001UB, CD4002UB, 
and CD4025U8 NOR gates provide the 
system designer with direct implementation 
of the NOR function and supplement the 
existing family of CMOS gates. 


The CD4000UB, CD4001UB, CD4002UB, 
and CD4025UB types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


STATIC ELECTRICAL CHARACTERISTICS 






















CONDITIONS 







CHARACTER- 
ISTIC 


























LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 


Vv 
nH 
Quiescent Device | - [05] 5 [028 | 
eh a ea CC 
po Mex. | Yor] 5 | 7 | 
[= [020[20[ 6 | 
Ourputtow [04 | os] § | 064 | 
(Sink) Current [0.5 [o,10| 10 | 1.6 | 
lou Min. [a5 [ors] 15 | 42 | 
OurputHigh [| _46 | 05 | 5 | -0.64) 
(Source) [25 | o5[ 5 | -2 | 
“ie Far feat eta 
13.5 —4, 


Features: 

® Propagation delay time = 30 ns (typ.) at 
Cy = 50 pF, Vpp = 10 V 

= Standardized symmetrical output characteristics 

® 100% tested for maximum quiescent current 
at 20 V 

m Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 

@ Maximum input current of 1 vA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 


= 5-V, 10-V, and 15-V parametric ratings 


92CS-24757 


CD4000UB 
FUNCTIONAL DIAGRAM 





92CS-24762 
4001UB 
FUNCTIONAL DIAGRAM 





92CS-24758 
CD4002UB 


FUNCTIONAL DIAGRAM 
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Input High 
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ve Mee ieee CE La ee 
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CD4025UB 
FUNCTIONAL DIAGRAM 
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CD4000UB, CD4001UB, CD4002UB, CD4025UB Types 


RECOMMENDED OPERATING CONDITIONS Aisbnaitt FiseeERATOne (False 
For maximum reliability, nominal operating conditions should be vr Yo 
selected so that operation is always within the following ranges: 


LIMITS 
MIN. MAX. meee 
3 18 Vv 












CHARACTERISTIC 








Supply-Voltage Range (For 
Ta = Full Package Temp- 
erature Range) 




































































































© 125 3S 

MAXIMUM RATINGS, Abso/ute-Maximum Values: IPT OCT NGE INE eas 
DC SUPPLY-VOLTAGE RANGE, Vp) Fig, 1 — Minimum and maximum voltage 

(Voltages referenced to Vgg Terminal) =. ww ww eel, —0.5 to +20 V transfer characteristics. 
INPUT VOLTAGE RANGE,ALLINPUTS. . . .. ....,,.~., —0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONEINPUT . . . . . . . af) +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): rf 

For Ta =-40 to 60°C (PACKAGE TYPEE) . . . . . . ed cat atte Lae 500 mw SUPPLY VOLTAGE 

For Ta = +60 to +85°C (PACKAGE TYPE E) . . . . .  Derate Linearly at 12 mW/°C to 200 mw 15. {Vop}eIsv 

For Ta = —55 to +100°C (PACKAGE TYPES [> A .4 ee eae ee See eee Ce 500 mw > 

For Ta = +100 to +125°C (PACKAGE TYPES D,F,K). . . Derate Linearly at 12 mW/°C to 200 mW L T7125 °C ss 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 2 Ov Siti 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . . . 100mW 3° Tete 
OPERATING-TEMPERATURE RANGE (Ta): Z i 

PACKAGE TYPES D, F, K, H Gob Wenge a ste te Reda a alow So 726820412890 id : 

PACKAGE TYPEE. .0 5 fa 3 © 8 we ee etait Os ods —40 to +85°C @ stis¥ 
STORAGE TEMPERATURE RANGE (Tog) 2 2 2 we wee BB to 41 50°C @ 35°q 
LEAD TEMPERATURE (DURING SOLDERING): 128" 

At distance 1/16 + 1/32 inch (1.59 £0.79 mm) from case for 10smax. . . . . . . +265°C E 

oO 3 0 ry 


INPUT VOLTAGE (vy1—V 
9205-17780 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 25°C, input ty, te = 20 ns, , , ae 
bs Fig. 2 ~ Typical voltage transfer characteristics 
and Cc, = 50 pF, Ry = 200 KQ as a function of temperature. 







ALL TYPES 
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TEST CONDITIONS 





CHARACTERISTIC 
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Transition Time, 
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Input Capacitance, Cj) 
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Fig. 3 — Typical current & voltage transfer 
characteristics, 





AMBIENT TEMPERATURE (Ta)= 25 °C, 
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Fig. 5 — Typical output fow (sink) current 
Fig. 4 — Schematic diagram for type CO4000UB. characteristics, 
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CD4000UB, CD4001UB, CD4002UB, CD4025UB Types 


Yoo 





Vss 


* ALL INPUTS ARE 
PROTECTED BY 
COS/ MOS PROTECTION 
NETWORK 














Fig. 6 — Schematic diagram for type CD4001UB. 
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ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


vss 
Fig. 7 - Schematic diagram for type CD4002UB. 
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ALL INPUTS ARE 
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NETWORK ss 


Fig, 8 — Schematic diagram for type CD4026UB. 
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Fig. 9 — Minimum output low (sink) 
current characteristics. 
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Fig. 10 — Typical output high (source) 
current characteristics, 
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Fig. 11 — Minimum output high (source) 
current characteristics. 
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Fig, 12 — Typical transition time vs, load 
capacitance. 
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Fig. 13 - Typical propagation delay time 
vs. load capacitance. 









AMBIENT TEMPERATURE (Ta) #25 °C 
POWER DISSIPATION P*CVpp*t + PowesceNT 
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= 
4 ai 
1 104 
e + 
¥ 103] 
3 SUPPLY VOLTS (Vpn! #15, 
& 
@ 102, x 
g 
& 
# 10] m1 
a £ + 
Py LOAD CAPACITANCE (C )#I5pF —— 
CL *SOpF == — 
12 103 104 w5 106 0? 
INPUT FREQUENCY (f)1 — He 9205-17865 


Fig. 14 — Typical power dissipation vs. frequency. 


Yoo 





Vss 
s2cs- 27401R1 


Fig. 15 — Quiescent-device-current test circuit. 


Yoo 
INPUTS ouTPuTs 
viw 
os * + 
Vie ig 
NOTE 
Vss TEST ANY COMBINATION 
OF INPUTS 
92C5-27441Ri 


Fig. 16 — Input-voltage test circuit. 





Yoo 
INPUTS 
“= 
Yoo NOTE 
Se )> a MEASURE INPUTS 
° SEQUENTIALLY, 
Vs = TO BOTH Vpp AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Yoo O Vss 
Vgs 92cs- 27402 


Fig, 17 — input feakage current test circuit. 





CD4000UB, CD4001UB, CD4002UB, CD4025UB Types 


TERMINAL ASSIGNMENTS 





92t5- 24445 RI 
NC NO CONNECTION 


Cb4000UB 





8205 PuaeG RI 
NC=NO CONNECTION 


CD4001UB 


Yoo 
KrE+F4+G4H 





NC=NO CONNECTION 


CD4002UB 





92cS-24468 Rt 


NCONG CONNECTION 


CD4025UB 


CHIP PHOTOGRAPHS 
Dimensions and Pad Layouts 











o— 
[ce 4-10 
(0.102 - 0.254) 
———,, 58-66. 
(1.474 -1.676) S2CS- 27746 


cp4000UB 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils 1073 ineh). 





an 












be 4-10 
(0.102-0.254) 61-69 


(1,$49-1.752) 








= 


92CS-35054 


CbD4001UB 


el 








65-73 
(1.652 -1.854) 











° 
(0.102-0.254) 


67-75 


(.702-1.905) 92¢S- 27746 


CD4002UB 





70-78 
(778-1981) 








toro! 
(0.102-0.254) 
63-71 
(1601-1803) 


CD4025UB 


92C8-27 769 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer, When the 
wafer is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user shouid considera tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4006B Types 


CMOS 18-Stage 
Static Shift Register 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4006B types are composed of 
4 separate shift register sections: two sec- 
tions of four stages and two sections of five 
stages with an output tap at the fourth 


Features: 
= Fully static operation 
® Shifting rates up to 12 MHz @ 10 V (typ.) 


® Permanent register storage with clock fine high or low — 
no information recirculation required 


= 100% tested for quiescent current at 20 V 

® Standardized, symmetrical output characteristics 
= 5-V, 10-V, and 15-V parametric ratings 

® Maximum input current of 1 uA at 18 V 





stage. Each section has an independent 
single-rail data path. 


over full package-temperature range; 100 
nA at 18 V and 25°C 


© Noise margin (full package-temperature 
range) = 1VatVop= 5V 
2 Vat Vpp = 10 V 
2.5 V at Vop = 15V 


A common clock signal is used for all stages. 
Data are shifted to the next stage on nega- 
tive-going transitions of the clock. Through 
appropriate connections of inputs and out- 
puts, multiple register sections of 4, 5, 8, 
and 9 stages or single register sections of 10, 
12, 13, 14, 16, 17 and 18 stages can be 
implemented using one CD4006B package. 
Longer shift register sections can be assem- 
bled by using more than one CD4006B. 


‘$s 
S2C8-25049R2 
FUNCTIONAL DIAGRAM 





= Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘Standard Specifications 


for Description of “B’ Series CMOS Devices TRUTH TABLE FOR SHIFT REGISTER STAGE 


Applications: 


® Serial shift registers 
®@ Time delay circuits 


® F requency division 
To facilitate cascading stages when clock 
rise and fall times are stow, an optional out- 
put (D4+4") that is delayed one-half clack- 
cycle, is provided (see Truth Table for Out- 
put from Term. 2). 


The CD4006B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-tead dual-in-line plastic 





a 1 =HIGH X = DON'T CARE 
packages (E suffix), 14-lead ceramic flat OUT on 0 =LOW a4 = LEVEL CHANGE 
packages (K suffix), and in chip form (H 5th STAGE NC = NO CHANGE 


suffix). S2c8" 128878) Fig. 1 — Logic diagram and truth table (one register stage). 


RECOMMENDED OPERATING CONDITIONS at T, = 25°C, Except as Noted. For maximum 
reliability, nominal operating conditions should be selected so that operation is always within the 


following ranges: 
CHARACTERISTIC Vpp LIMITS 


(v) eee 


TERMINAL ASSIGNMENT 








Supply-Voltage Range (For Ta = Full Package 
Temperature Range) 





Clock Pulse Width, tw 














TOP VIEW 
cone Data Setup Time, tg 
Moo . 
Data Hold Time, ty 
Clock Rise or Fall Time: t,, te 
Vss 





ALL INPUTS (TERMINALS 1,3,4,5,6) 
PROTECTED BY COS/MOS PROTECTION 
NETWORK 


Clock Input Frequency, for 





92cs- 28974 
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MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vp) 
(Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 
OC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE £) . 
For Tp = +60 to +85 c (PACKAGE TYPE €} . F 
For Tg = —55 to +100 ¢ (PACKAGE TYPES D, F, K) . 
For Ty = +100 to +125 C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (Ali Package Types} . 


OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D,F,K,H. . . . 
PACKAGE TYPE E Peeve Le 

STORAGE TEMPERATURE RANGE (T,¢g} 

LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 +0.79 mm) from case for 10s max. 


STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 







CHARACTER- 
{sTIC 












Quiescent Device 
Current, 
{po Max. 


(v) 
0,20 








Output Low 
(Sink) Current 
for Min. 


=< 






LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at ~40, +25, +85 Apply to E Package 










Output High 
(Source) 25 | 5 | 
Current, 
fon wie Ge Ea 
135 [018] 15 | 






Output Voltage: 





Fi -0.5 to +20 V 
—6.6 to Vop +05 V 
. +10 mA 


a eS 500 mw 
Derate Linearly at 12 mW/ C to 200 mW 
yh. tie a A AS 500 mW 
Derate Linearly at 12 mW/°C to 200 mW 


100 mw 

—55 to +125°C 
40 to +85°C 
—65 to +150°C 


+265°C 


: 


OUTPUT LOW (SINK) CURRENT (T, 
N 
aw 





Low-Level, 
VOL Max. 









Output Voltage: 





bls lo}r} it 2 a 
mp [oyor |) B 3 





High-Level, 








VOH Min. 








Input Low 








Voltage, 1.9 
Vit Max. 






(Vv) 













1:5,13.5 








Input High | 0.5, 4.5 | 
Voltage, 1.9 
Vid Min, (1513.5 





tnput Current 
lin Max. 








it 
° 
an 
= 
> 


CD4006B Types 
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OUTPUT LOW (SINK) CURRENT {Io —mA 
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Sv. 


my 








° 5 10 15 
ORAIN-TO-SOURCE VOLTAGE (Vps}—V sickeneniens 
Fig. 2 — Typical output low (sink) current 


characteristics. 








AMBIENT TEMPERATURE (Tale 25°C 
A si 
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5 10 15 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92c5 2431987 


Fig. 3 — Minimum output tow {sink} current 
characteristics. 


DRAIN- TO- SOURCE VOLTAGE (Vpg)—-V 
=15 -t0 ~5 ic] 



















































































































































































































































































AMBIENT TEMPERATURE (Ta)#25°C 
44 bid 4. 4 
GATE~TO-SOURCE VOLTAGE {(Vgs5)«-5V. 5, 
sb +444 Lt a 
: zg 
si -10 = 
ae = 
Fe 
H VS 
+ Ftty 2 
-10V tT 1-20 i 
no it +fetH eu 
ttt 4 
i isons 258 
~1SV t fae 
HH r 
> 
tT a 
t | + i“ 
i 
92cS-24sz0R3 
Fig. 4 — Typical output high {source} current 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
=15 -10 -5 ° 
AMBIENT TEMPERATURE (Ta)e25°C 


|GATE-TO-SOURCE VOLTAGE (Vgg)*-5 V. 
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s2es-26sziRz 
Fig. 5 — Minimum output high (source) current 
characteristics. 
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CD4006B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at 7, = 25°C; Input t,, ty = 20 ns, 


Cy = 50 pF, Ry, = 200 KO 


TEST CONDITIONS 


CHARACTERISTIC 
Voo (V) 


Propagation Delay Time, 
tPHL tPLH 


Transition Time, 
TTHL: TTLH 


Minimum Data Setup Time, 
ts 


Minimum Clock Pulse Width, 
tw 


5 
10 
15 

5 
10 
15 

5 
10 
15 


Maximum Clock Input Frequency, 
fe 


Maximum Clock Input Rise or Fall ae a 


Time t-CL, t¢CL* 


Input Capacitance, Ci, 


* If more than one unit is cascaded t-CL should be made less than or equal! to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


TYPICAL 
VALUES 








CLOCK: 








2 STAGES 





osf>e {> Dp a > _ 
2 STAGES 











Fig. 6 — Logic diagram with detail of latch. 












92CM-29830R1 








































































































































































































































































































































































































AMBIENT TEMPERATURE (Ta)=25°C + 
2 & HT 
L & fH 
= £ 
= 200) 1 
£ HH 
¥ it tN 
r 18 +t N 1 
z i N 
= oe 
2 t epee 
z oe 
ON 
50} 
is) 20 40 60 80 100 


LOAD CAPACITANCE (CL)~ pF 92cs-24322 
Fig. 7 — Typical transition time as a function of 
toad capacitance. 




















































































































































































































































































































AMBIENT TEMPERATURE (Ta )*25°C : + + 
ee ee ay ant ten egreeistie cist itt 
Fie escossdan rhe iE ee 
a 
=301 
a 
z. Reaeassees see 
7 piste 
Fa: a 
an + 
w < on min i 
3 I50) : aan 7 
i= 1ov 
= 
§ 90 15v 
2 
€& 

& 
£ 50 : 
uy { 
a 
° 40 60 a0 100 
LOAD CAPACITANCE {Cy — pF 
9208-29829 


Fig. 8 — Typical propagation delay time as a 
function of load capacitance. 




























































































































































































S) AMBIENT TEMPERATURE (Ta }= 25°C 
atte ttt - {— 
i 
S 

at} - 4 
| y 
a0 ge 
a 3 v Anema 
Se qecep th etst 
z | ' 
2 al Jot ert + 
£103 yu pies 
os Ht 
8 6 a 
a 4 ‘ ma C150 pF 
4 > CL IS oF 
ge | 
S104 i 
So Set 44 

4t— t+ 

2 x ine | 
Ll Li | 

™ 2 468) 2 eel 2 468 324 68 2 4 ce 


( 10 10) 10 10 
CLOCK INPUT FREQUENCY (fc u)~ kHz 


92C$- 29627 
Fig. 9 — Typical dyanamic power dissipation 
as a function of clock frequency. 
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92cs-29828 


Fig. 10 — Dynamic power dissipation test 
circuit. 


INPUTS 
Voo NOTE 
So MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Vpp AND Vsg 


CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vo OF Vsg 


Vss 


9205-27402 


Fig. 13 — Input current test circuit. 








9268- 27401R} 


ss 


Fig. 11 — Quiescent device 
current test circuit 


CD4006B Types 


Yoo 


INPUTS OUTPUTS 


NOTE: 


Vss TEST ANY COMBINATION 
OF INPUTS. 


92C5-27441R1 


Fig. 12 — Input voltage test circuit. 


H2 
70 60 90 100 tite) 


tale a =i 





50 — 





66-74 
(1.677-1.879) 











109~117 
{(2.769-2.971) 





o— 
~— 4-10 
(0. 102-0.254) 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch). 











92 CM-~29744 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
water is separated into individual chips, the angle of 
Cleavage may vary with respect to the chip face for 
ditferent chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable fo the nominal 
dimensions shown. 


Dimensions and pad layout for CD4006BH. 
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CD4007UB Types 


CMOS 
Dual Complementary 


Pair Plus Inverter 
High-Voltage Types (20-Volt Rating) 


The RCA-CD4007UB types are comprised of 
three n-channel and three p-channel enhance- 
ment-type MOS transistors. The transistor 
elements are accessible through the package 
terminals to provide a convenient means for 
constructing the various typical circuits as 
shown in Fig. 2, 

More complex functions are possible using 
multiple packages. Numbers shown in paren- 
theses indicate terminals that are connected 
together to form the various configurations 
listed. 


The CD4007 UB types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
Packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Applications: 

= Extremely high-input impedance amplifiers 
@ Shapers 

| Inverters 

® Threshold detector 

® Linear amplifiers 

® Crystal oscillators 


TERMINAL DIAGRAM 


Top View 
G2 LP) SOURCE pay cuPORAIN 
G2(P) DRAIN Qi?) SOURCE’ 
Q2 GarEs Q3(N) ORAIN,G3{P) SOURCE. 
G2(N) SOURCE 03(P) ORAIN 
Q2(NDORAIN ‘Q3GATES 
Q1GaTEs 03 (N) SOURCE 


Vgg, 01.8 02 &Q3(N) 10s) ORAIN 


SUBSTRATES Q)(N) 
‘SOURCE 





9208-20449 


Features: 


@ Standardized symmetrical output characteristics 

= Medium Speed Operation — tpy4,, tpt py = 30 ns (typ.) 
at 10 V 

§ 100% tested for quiescent current at 20 V 


& Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 

@ Maximum input current of 1 uA at 18 V Vgg°? 
over full package-temperature range; Vpp=14 
100 nA at 18 V and 25°C 


92C8- 25035 


Terminal No.14 — Vop 
Terminal No. 7 ~ Vgg 


FUNCTIONAL DIAGRAM 





RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


LIMITS UNITS 


MAX. 
18 


STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 
(Vv) 






CHARACTERISTIC 












Supply-Voltage Range 
(For Ta = Full Package 
Temperature Range) 









LIMITS AT INDICATED TEMPERATURES (°C) 
Values at ~55, +25, +125 Apply toD, F, K, H Packages’ 
Values at —-40, +25, +85 Apply to E Package 











CHARACTER- 
ISTIC 
















Quiescent Device 
Current, 
(pp Max. 


= 
> 


>< 





Output Low 
(Sink) Current 
loz Min. 


Output High 
(Source) 
Current, 

10H Min. 


5 





ae a et 
b 


1 


1] 4 
nl o S 
Qi a = t 


Ninja 
oa 
a ae 













Output Voltage: 
Low-Level, 
Vo Max. 





Output Voltage: 
High-Level, 
VOH Min. 














Input Low 
Voltage, 
Vit Max. 








2. 
3.5 
0. 


1 


Input High 
Voltage, 
Vig Min. 











input Current 
lipy Max. 
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MAXIMUM RATINGS, Abdsolute-Maximum Values: 
OC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminat) , —0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . ~0.5 to Vpp +0.5V 
bc INPUT CURRENT, ANY ONE INPUT 410 mA 
POWER DISSIPATION PER:PACKAGE (Pp}: 

For Ta = —40 to +60°C [PACKAGE TYPE E) Batt A 8 Ry tn SA Ashe oe, 8 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) ae Derate Linearly at 12 mW/°C to 200 mW 

For Ta = —55 to +100°C PACKAGE TYPES D,F, K) . 500 mW 


For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) . Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (AI! Package Types) 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H we ek oe 

PACKAGE TYPE E tee ee 
STORAGE TEMPERATURE RANGE (Tgtg) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max 


100 mw 


55 to +125°C 
—40 to +85°C 
—65 to +150°C 


+265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tg = 25°C; Input t,, tg = 20 ns, 
C, = 50 pF, Ry = 200 K 


ALL TYPES 


LIMITS 
CHARACTERISTIC 


Propagation Delay Time: 
tPHL, 
'PLH 


Transition Time 


Input Capacitance CIN 













* cosmos INPUT 
PROTECTION NETWORK 











PARASITIC AND 
NETWORK COMPONENTS 


ors NtTo P WELL 


a 02 + 
COS/MOS OUTPUT PROTECTION R2 02+ P'TO SUBSTRATE 
NETWORK BETWEEN TERMINAL OuTeUT RI= 1-5 KO 
NOS. 1,2,4,5,8,9, 112,13 TERMINAL R2= 15-300 
AND THE CORRESPONDING 
DRAINS ANO/OR SOURCES oF or 92cM- 28632 
vss 


Fig. 1 — Detailed schematic diagram of CD4007UB showing input, output, and parasitic diodes. 


CD4007UB Types 


8 308 


92CS -15350 


F 6 
a) Triple Inverters 


(14,2,11); (8,13); 
(1,5); (7,4,9) 


b) 3 -Input NOR Gate 


6 
3 2 
10 

92CS-15349 


(13,2); (1,11); 
(12,5,8); (7,4,9) 


6 
c) 3-Input NAND Gate SS] p-oe 


(1,12,13); (2,14,11); 
(4,8); (5,9) 


9208-15348 


d) Tree (Relay) Logic 


ouT 








3 ALL P-UNIT SUBSTRATES 
ARE CONNECTED TO Vop 
ALL N-UNIT SUBSTRATES 


ARE CONNECTED TO Veg gg 92¢8-15329 







(13,12,5); (4,9,8); 4 
(14,2); (1,11) 


g «OUT (Vop)8 + AB 
OUT (Vgs)* CA +CB 


caer 


L Vss 


Fig. 2 — Sampte COS/MOS logic circuit arrangements 
using type CD4007UB. 
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CD4007UB Types 


e) High Sink-Current Driver 


Yoo 
ry 


— 
— 
eae 





92CS~ 15330 


f) High Source-Current Driver 

















Yoo 

+ t t 
be }» lane 

k t 

© ase 4_© 

—_ 
He 
Ky (OPTIONAL VggPULL-DOWN} 





+4 
Vss 92C8-15327 


g) High Sink - and Source-Current Driver 



































(OPTIONAL Vpp PULL-UP) 


(6,3,10); (8.5, 12); 
(11,14); 7,4,9) 


(6,3,10); (13,1,12); 
(14,2,11); (7,9) 


—{>o— 


h) Dual Bi-Directional Transmission Gating 




































































































































































OUT 
Yoo © «iN? 
t 
CLOCK 
ae (oun 
+-—@ 

OuT2 
> (IN2) 
eae —{>o— 

k 92CS-15347 
(1,5,12); (2,9); 
(6,3,10); (14,2,11); 1 NaS AN 
(7.4.9); 13,8,1.5,12) eee NGS 
Fig. 2 — Sample COS/MOS fogic circuit arrangements using type CD4007UB (Cont‘d). 
AMBIENT TEMPERATURE (T,)+25°C) AMBIENT TEMPERATURE (T)) * 25°C 
vr ve 
iy is SUPPLY VOLTAGE (Yo) 15 
5 
" $ ; 
5 75 IY | ae) 7S 3 
> H T Oem 9 z 
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3a 5 lanes 5 8 
a sttt as TERM, 3&6 TO GND. Re 
3 H 
EH 





S z 
INPUT VOLTAGE (Vy )—¥ 
92CS- 28636RI 


Fig. 6 — Minimum and maximum voltage-transfer 
characteristics for inverter. 
































° 25 8 75 10 12.5 iS 
INPUT VOLTAGE {vy )—v eaescivran 
Fig. 7 — Typical current and voitage-transfer 


characteristics for inverter. 
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ht 4 A~SINGLE INPUT ONLY 
Hee H He] B—TWO INPUTS ONLY 
: fH C— THREE INPUTS 
Libel HW OTHER INPUTS 
16 DO! # SWITCHES TO Vpp 
A siiisaibte y 
HY SSA NIC 
12 ++ HH BE i 
dpecgr tees: He. (:) 
10 pH jo 
So srestsatecaoetrenats, bo i 
n ie A t 
4 a Yoo 
TH 
C) 2.5 3 75 10 25 1S 


INPUT VOLTAGE (Vy)—Vv 
9205-17786 


Fig. 3 — Typical voltage-transfer characteristics 


for NAND gate. 
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INPUT VOLTAGE (vr)—Vv 
92CS- 17667 


Fig. 4 — Typical voltage-transfer characteristics 
for NOR gate. 
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° 5 10 1S 
ORAIN-TO-SOURCE VOLTAGE (Vps)—V 


Fig. 5 ~ Typical output tow (sink) 
current characteristics. 
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AMBIENT TEMPERATURE (Tq)=25 °C 
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current characteristics. 
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92c$-24s2085 
Fig. 9 — Typical output high (source) 
current characteristics. 
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9265-24322 


Fig. 13 -- Typical transition time vs. load 
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current characteristics. Fig. 14 -- Typical dissipation vs. frequency 
characteristics. 
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Fig. 11 — Typical voltage-transfer characteristics 


as a function of temperature. 
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Fig. 12 — Typical propagation delay time vs. 


load capacitance. 
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CD4007UB Types 





Yoo 
INPUTS 
‘a 
Yoo NOTE 
MEASURE INPUTS 
° SEQUENTIALLY, 
Vs ial TO BOTH Vpp AND Vg: 
— CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR Vss 
ss 


9268-27408 


Fig. 18 — Input current test circuit. 
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NOTE: 
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Fig. 16 — Input voltage test circuit. 
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Yss 
92CS- 27401R} 





Fig. 17 — Quiescent device current test circuit. 
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DIMENSIONS AND PAD LAYOUT FOR C04007UBH 
The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of ~3 mils to +16 mits applicable to the nominal 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~ 3 inch), 


dimensions shown. 
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CD4008B Types 


CMOS 4-Bit Full Adder 


With Parallel Carry Out 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4008B types consist of four 
full adder stages with fast look ahead carry 
provision from stage to stage. Circuitry is 
included to provide a fast “‘parallel-carry-out”’ 
but to permit high-speed operation in arith- 
metic sections using several CD4008B’s. 
CD4008B inputs include the four sets of bits 
to be added, Ay to Aq and By to Bg, in 
addition to the ‘Carry In" bit from a pre- 
vious section. CD4008B outputs include the 
four sum bits, $1 to Sq. In addition to the 
high speed ‘‘paraltel-carry-out’’ which may be 
utilized at a succeeding CD4008B section. 
The CD4008B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 
















CHARACTER- 
(sTic 








Output Voltage: 
Low-Level, 
VoL Max. 





LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Packa: 





Features: 


= 4 sum outputs plus parallel look-ahead carry-output 
© High-speed operation — sum in-to-sum out, 160 ns typ; 
carry in-to-carry out, 50 ns typ. at Vpp = 10 V, 
C_ = 50 pF 
Standardized, symmetrical output characteristics 
100% tested for quiescent current at 20 V 
Maximum input current of 1 uA at 18 V 
over full package-temperature range; 100 
nA at 18 V and 25°C 
® Noise margin (over full package tempera- 
ture range): 1VatVpp=5V 
2 Vat Vpp = 10 V 

2.5 V at Vpp = 18 V 
5-V, 10-V, and 15-V parametric ratings 
Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 
Applications: 


® Binary addition/arithmetic units 


9208-24450 


CD4008B 
TERMINAL ASSIGNMENT 











(CARRY IN) 


Yop = 16 
Ygs=8 






* ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


92CS-27643 


Fig.1 — CD4008B logic diagram. 
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RECOMMENDED OPERATING CONDITIONS at 7,4 = 25°C, Except as Noted. 


For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 





LIMITS 


CHARACTERISTIC 





Supply-Voltage Range (For 
Ta = Full Package Temp- 
erature Range) 








MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
{Voltages referenced to Vgg Terminal} 
INPUT VOLTAGE RANGE, ALL INPUTS . 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to #85°C (PACKAGE TYPE E) . . 
For Ta = —55 to +100°C (PACKAGE TYPES D, F, k) . 
For Ta = +100 to +125°C (PACKAGE TYPES D, F, K). 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (Ail Package Types) 
OPERATING-TEMPERATURE RANGE us 
PACKAGE TYPES D, F, K, H ‘ ; 
PACKAGE TYPE E 
STORAGE TEMPERATURE RANGE Tay ) 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 +. 0.79 mm) from case for 10 s max. 


$316 S0+50+s0tS5 2150) + 90 + ISS 


50 90 = 155 
fro SO+ 90+ 155 (Ci-Co)+ (Si-Co) + (Ci-So) 


90 +155 (Si-Co)+(Ci-So) = 904155 


(Si~so} 


ALL SUMS SETTLED AFTER 345 ns 





92C8-3307¢ 


Fig.2 — Typical propagation delay for a 16-bit adder (10 V operation). 


—0.5 to +20 V 


—0.5 to Vpp +0.5 V 


H10mA 


500 mW 


Derate Linearly at 12 mw/°C to 200 mW 


500 mW 


Derate Linearty at12 mw/°c to 200 mW 


100 mW 

—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


+265°C 


2{(Ci-Co)+ (Si-Co) + (Ci-So)= 345 


CD4008B Types 
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9205-28304 


Fig.3 — Typical sum-in to sum-out propagation delay 
time vs. load capacitance. 
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LOAD CAPACITANCE (C,)— pF 


92CS- 20303 


Fig.4 — Typical carry-in to carry-out propagation 
delay time vs. load capacitance. 
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Fig.& — Typical carry-in to sum-out propagation delay 
time vs. load capacitance. 
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Fig.6 — Typical sum-in to carry-out propagation delay 
time vs. load capacitance. 
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CD4008B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At T, = 25°C; Input t,, t¢= 20ns, C, = 50 pF, R, = 200k. 


LIMITS 
ALL ave ma UNITS 


800 
320 
230 
740 


Vpp 


HARACTERISTI 
. e (v) 


Propagation Delay Time: 5 
tPHL. tPLH 10 


Sum In to Sum Out 18 


Carry In to Sum Out 





Sum In to Carry Out 





Carry In to Carry Out 





Transition Time: 
tTHL. tTLH 





Input Capacitance, Ciy 
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g0¢8-6518R2 dasaheee 
Fig.9 — Typical output low (sink) Fig.10 — Minimum output low (sink) 
current characteristics. current characteristics. 
Yoo 
INPUTS QUTPUTS 
Vim 
: 
Yiu af 
NOTE: 
92C$- 274011 92€S-27441RI Vgs TEST ANY COMBINATION 
OF INPUTS 

Fig.12 — Quiescent-device-current test circuit. Fig.13 — tnput-voltage test circuit. 
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AMBIENT TEMPERATURE (Ta}=28 °C: 
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Fig.7 — Typical output high (source) 
current characteristics. 
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Fig.8 ~ Minimum output high {source} 
current characteristics. 
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Fig.11 — Typical dissipation characteristics. 





Yoo 
INPUTS 
— 
Yoo re NOTE 
dor) MEASURE INPUTS 
° SEQUENTIALLY, 
ss ea TO BOTH Vpp AND Vss. 
~—— CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vp OR Vgg- 
92C5 L1ade oD ss 
Vss 


Fig.14 — jnput current test circuit. 











CD4008B Types 


q 

aa 
tin a il 
el. 
ay nel 


we 




















o— 


4-10 
(0.102-0.254) 
83-91 
(2.108-2.311) 92¢$-27745 


Dimensions in parentheses are in milli- The photographs and dimensions of each CMOS chip 
meters and are derived from the basic represent a chip when it is part of the water. When the 
inch dimensions as indicated. Grid waler is separated into individual chips, the sopie of 

. ‘ 5 3: cleavage may vary with respect to the chip tace for 
graduations are in mils (10-9 inch). different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 





Dimensions and Pad Layout for CD4008BH 
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CD4009UB, CD4010B Types 


CMOS Hex 


Buffers/Converters 


High-Voltage Types (20-Volt Rating) 


Inverting Type: CD4009UB 
Non-tnverting Type: CD4010B 


The RCA-CD4009UB and CD4010B Hex 
Buffer/Converters may be used as CMOS to 
TTL or DTL. logic-ievel converters or CMOS 
high-sink-current drivers. 

The CD4049UB and CD4050B are preferred 
hex buffer replacements for the CD4009UB 
and CD4010B, respectively, in all applica- 
tions except multiplexers. For applications 
not requiring high sink current or voltage 
conversion, the CD4069UB Hex Inverter is 
recommended. 


The CD4009UB and CD4010B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages ({E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp. Vcc) 
(Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (Pp): 
Fer Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) |. 
For Ta = —55 to +100°C (PACKAGE TYPES D, F,K) . 
For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) . 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE 
OPERATING-TEMPERATURE RANGE alr 
PACKAGE TYPES D, F, K,H 0 ue _ 
PACKAGE TYPE E : 
STORAGE TEMPERATURE RANGE (Tet ) . 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. 


vec 


Yoo 





ve 
OUTPUT cc 
“Liew 


CONFIGURATION: 
HEX COS/MOS TO DTL OR TTL 
CONVERTER (INVERTING) 

WIRING SCHEDULE: 

CONNECT ¥¢c TO DTL OR 
TTL SUPPLY. 

CONNECT Yop TO COSMOS 
SUPPLY 


3 9285-4 139Rt 


Fig. 1 — Schematic diagram of CD4009UB— 
7 of 6 identical stages. 
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Features: 


® 100% tested for quiescent current at 20 V 

® Maximum input current of 1 uA at 18 V over full 
package-temperature range; 100 nA at 18 V and 25°C 

= §-V, 10-V, and 15-V parametric ratings 


Applications: 


® CMOS to DTL/TTL hex converter 
a= CMOS current “sink” or “source” 


driver 
m CMOS high-to-low logic-level i 
converter F o>“ we 
u Multiplexer — 1 to 6 or 6 to 1 aces 





CD4009UB 
FUNCTIONAL DIAGRAM 
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TERMINAL ASSIGNMENTS io g 
YssO-= 
vo 8 
9233- 414202 
cp40108 
- 0.5 to +20 V FUNCTIONAL DIAGRAM 
-0.5 to Vp 10.5 V 
+10 mA 
. 500 mw AMBIENT TEMPERATURE cae Hy aoe 
Derate Linearly at 12 mw Cc to 200 mw + ay 
500 mW SHEATH OO 
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rate Linearly ie a - tee bal Yoo" 
= om 
(All Package Types} 100 mw A ao rot ee 
he Soy Hoe 
—55 to +125°C fy : ant 
40 to +85°C 3 G Ns 
—65 to +150°C 
oS: 
cs 
+265°C 
oO 2 4 6 e 10 12 4 


IWPUT VOLTS (V,) 
a2cs-20067 
Fig. 3 — Minimum and maximum voltage transfer 


characteristics—CD4009UB. 
Yee 


Ypp 






Yop 
* 
MPUT ouTPUT —Vee 
fe GND 
JL CONFIGURATION: 
HEX COS/MOS TO DTL OR TTL 
CONVERTER (NON-INVERTING} 
WIRING SCHEDULE: %* ALL INPUTS ARE % 
$s 


CONNECT Yc¢ TO OTL OR 


TTL SUPPLY 
CONNECT Vpp TO COS/MOS 


SUPPLY. 


PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


929S-4141R2 


Fig. 2 ~ Schematic diagram of CD4010B— 
1 of 6 identical stages. 





CD4009UB, CD4010B Types 


RECOMMENDED OPERATING CONDITIONS Ht i 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 





















































































































































LIMITS 
CHARACTERISTIC 











‘OUTPUT VOLTS (Vo) 


Supply-Voltage Range (For Tq = Full 


Package Temperature Range), VoD 














Input Voltage Range (V;) 





4 6 8 
ts 4 
| *The CD4009UB and CD40108B have high-to-low level voltage conversion capability but not low-to- eee Wor at 9205-17037 


high level, therefore it is recommended that Vpp > V1 > Vcc. Fig. 4 ~ Typical vaitage transter characteristics 
as function of temp.~CD4009UB, 
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Fig. 5 — Minimum and maximum voltage transfer 
characteristics (V pp=5)—CD4010B. 
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Output Voltage: 
High- Level, 














VOH Min. 


INPUT VOLTS (¥)) 


Input Low 
Voltage: Fig. 6 —Minimum and maximum voltage transfer 
characteristics (V pp)=10)~CD4010B. 


srssaigsa 


Vit Max. 
CD4009UB 
Input Low 
Voltage: 
Vit Max. 
CD4010B 
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Fig. 7 — Minimum and maximum voltage transfer 
characteristics (V pp=15)—CD4010B. 
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CD4009UB, CD4010B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T 4=25°C; Input tr, tf=20 ns, 


C1, =50 pF, Ry, =200 KQ 


CONDITIONS 


LIMITS 
ALL PKGS 





CHARACTERISTIC 


Typ. L MAX. 





Propagation Delay Time: 
Low-to-High, tpLH 


CD4009UB 

















CD4010B 








Se 





High-to-Low, tpHt 








CcbD4009UB 

















CD4010B 











Transition Time: 
Low-to-High, tTLH 











High-to-Low, trHy 











Input Capucitance, Cyy 
CD4009UB 

















CD40108 
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Fig. 11 — Typical output high (source) 
current characteristics. 
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Fig. 12 — Minimum output high (source) 
current characteristics. 
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Fig. 8 —Typical voltage transfer characteristics 
as a function of temperature-CD4010B. 
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Fig. 9 — Typical output low (sink) 
current characteristics. 
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DRAIN-TO- SOURCE VOLTS (Vp) 
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Fig. 10 ~ Minimum output low (sink} 
current characteristics. 
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LOAD CAPACITANCE (CL)—pF gas. 27653 
Fig. 13 — Typical low-to-high propagation delay 
time vs. load capacitance {(CD4009UB). 

















AMBIENT TEMPERATURE (Ta)=25°C 
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Fig. 14 — Typical high-to-low propagation delay 
time vs. load capacitance (CD4009UB). 
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Fig. 17 + Typical low-to-high transition time 
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Fig. 20 — Quiescent device current 
test circuit. 
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SEQUENTIALLY, 

TO BOTH Vpp AND Veg. 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Vop OF Veg 


92c5- 27402 


Fig. 22 — input current test 
circuit. 
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CD4009UB, CD4010B Types 


BIENT TEMPERATURE 
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92CS-27655 
Fig. 15 — Typical low-to-high propagation delay 
time vs. load capacitance (CD40108B). 
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Fig. 21 — Noise immunity test 
circuit, 


AMBIENT TEMPERATURE (Ta)=25°C 
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92CS-27658 

Fig. 18 — Typical high-to-low transition time 
vs. load capacitance. 
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NOTE: 
TEST ANY ONE INPUT, 
WITH OTHER INPUTS AT 
Vpp OR Vss- 


92C8~ 27400R1 
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Fig. 
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16 — Typical high-to-law propagation 
delay time vs. load capacitance (CD40108). 
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Fig. 19 — Typical dissipation characteristics. 


50-58 
(1.270 ~1.473) 


4-10 
(0.102-0.254) 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid Graduations Are In Mils (103 Inch) 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
water is separated into individual chips, the 
cleavage may vary with respect to the chip 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly trom the nominal 
dimensions shown. The user shouid consider a tolerant 
of —3 mits to +16 mits applicable to the nominal 
dimensions shown. 











(L778= 1.981) 


70-78 





Photograph of chip for CD4009UB. 
Dimensions and pad layout for 
C040108 are identical. 
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CD4011B, CD4012B, CD4023B Types 


CMOS NAND GATES 


High-Voltage Types (20-Volt Rating) 


Quad 2 Input — CD4011B 
Dual 4 Input — CD4012B a 
Triple 3 Input — CD4023B . 


RCA-CD4011B, CD4012B, and CD4023B 
NAND gates provide the system designer 
with direct implementation of the NANO 
function and supplement the existing family 
of CMOS gates. All inputs and outputs are ] 
buffered. 


The CD40118, CD40128, and CD4023B 

types are supplied in 14-lead hermetic dual- 
in-line ceramic packages (D and F suffixes), 
14-lead dual-in-line plastic packages (E suf- 

fix), 14-lead ceramic flat packages (K suffix), s 
and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE. (Von) 
{Voltages referenced to Veg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 
DOC INPUT CURRENT, ANY ONE INPUT . 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60" C (PACKAGE TYPE E) . 
For Ta, = +60 to +85 °C (PACKAGE TYPE E) . 
For Tg = -55 to +100°C (PACKAGE TYPES D, F, K) 
For Ta 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ty 
OPERATING-TEMPERATURE RANGE hee 
PACKAGE TYPES D, F, K,H F . 
PACKAGE TYPE E 3 
STORAGE TEMPERATURE RANGE Ty } 3 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 £0.79 mm) from case for 10 s max. 


RECOMMENDED OPERATING CONDITIONS 


Features: 


= +100 to +125°C (PACKAGE TYPES D, F,K) . 


= FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 


Propagation delay time = 60 ns (typ.) at 
Cy = 50 pF, Vpp = 10 V 
Buffered inputs and outputs 
Standardized symmetrical output characteristics 
Maximum input current of 1 uA at 18 V 
over full package temperature range; 
100 nA at 18 V and 25°C © 
100% tested for quiescent current at 20 V 
5-V, 10-V, and 15-V parametric ratings 
Noise margin (over full package temperature 
range: 
1VatVpp=5V 
2V at Vpp = 10 V 
2.5 V at Vpp = 15 V 


92CS-24763 


cbd40118 
FUNCTIONAL DIAGRAM 





Meets all requirements of JEDEC Tentative 
Standard No.13A, “Standard Specifications 
for Description of ““B’’ Series CMOS Devices” 


» . —O5t0+20V 
0.5 to Vpp +0.5V 
: t10 mA 


500 mw 

Derate Linearly at 12 mw/* °c to 200 mw 
S 500 mw 

Derate ‘Linearly at £12 mwi? C to 200 mw 


100 mw 








. -55 10 +126°C 
i —40 to +85°C 


92CS~- 24759 
65 to +150°C cDsot2s 


FUNCTIONAL DIAGRAM 





. +265°C 


For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following ranges: 





CHARACTERISTIC 


Supply-Voltage Range (For Ta = Full Package 
Temperature Range) 





TERMINAL ASSIGNMENTS 





TOP VIEW 
NC*NO CONNECTION 


CD40128 


92C8-24453 


co40118 
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LIMITS 





92CS- 24761 


CD4023B 
FUNCTIONAL DIAGRAM 





TOP VIEW 


92CS8.24454R1 yecs-244L8 


CD4023B 





CD4011B, CD4012B, CD4023B Types 





















































































































































































































































































































































































































































































































































































































































































































































STATIC ELECTRICAL CHARACTERISTICS ee Te 
I H t Tree Ht 
LIMITS AT INDICATED TEMPERATURES (°C) > | SUPPLY aH Woods 18 v EE i 
CONDITIONS Values at —55, +25, +125 Apply to D, F, K, H Packages 122 TT H- 
CHARACTER- Valuef at —40, +25, +85 Apply to E Package 2 f eenscegaegece 
ISTIC yw Fttioy t eeeeees! 
2 19 ttt i U 
3 THT Ht + 
; , ie be ISeSeoaasasee: 
Quiescent Device 2 a 
Current, 25 rAd : 
!po Max. i: + 
0) 5 10 1S 20 25 
Output Low . I. .© INPUT VOLTAGE (Vz) — V 
(Sink) Current st ; : s2c8- 20908 
{OL Min. Fig.1 — Typical voltage transfer characteristics. 
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Fig.2 — Typical power dissipation characteristics. 
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DRAIN-TO-SOURCE VOLTAGE (Vpsi—V 
92C4 gains 


Fig.3 — Typical output low {sink} current 















































































































































































































































































































































































































































































































































































































































characteristics. 
AMBIENT TEMPERATURE (Ta)=25 °C ORAIN~ TO~ SOURCE VOLTAGE (Vos)—V DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
-15 -10 -5 ° -15 ~10 =e i) 

ls AMBIENT TEMPERATURE (Ta)*25°C 7 AMBIENT TEMPERATURE (Ta)=25°C4 

$44 
' GATE -TO-SOURCE VOLTAGE (Vgg)+-SV, Ls é GATE -TO-SOURCE VOLTAGE (Vgg)r =5 V ‘ 
4 (85 ne ny mf 
2 E 3 
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Fig.4 — Minimum output low (sink) current Fig.5 — Typical output high (source) current Fig.6 — Minimum output high (source) current 
characteristics. characteristics. characteristics. 
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CD4011B, CD4012B, CD4023B Types 
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vss LOGIC DIAGRAM 





1 OF 4 GATES (NUMBERS 
IN PARENTHESES ARE 
TERMINAL NUMBERS 
FOR OTHER GATES) 


Fig.7 — Schematic and fogic diagrams for CD40118. 


* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 
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LOGIC DIAGRAM 
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A 
Vss 


* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 


5%*e,13) 


1 OF 3 GATES (NUMBERS IN 
PARENTHESES ARE TERMINAL 7 
NUMBERS FOR OTHER GATES) Vss 


Fig. 9 — Schematic and logic diagrams for CD4023B. 


920M -28927 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At Ty = 28°C; Input ty, t¢= 20 ns, C, = 50 pF, Ry = 200k2 







ALL TYPES 
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TEST CONDITIONS 








CHARACTERISTIC 





Propagation Delay Time, 
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Transition Time, 
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(nput Capacitance, Cyy 
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LOGIC DIAGRAM 
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Fig.8 — Schematic and logic diagrams far C040128. 
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Fig.10 — Typical propagation delay time per gate 
as a function of load capacitance. 
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Fig.11 — Typical transition time as a function of 
load capacitance. 
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CD4011B, CD4012B, CD4023B Types 





Yoo DD 
INPUTS OUTPUTS INPUTS 
Yoo NOTE 
Ee MEASURE INPUTS 
+ in One ee SEQUENTIALLY, 
Yi a Vss TO BOTH Vop AND Vsg: 
= CONNECT ALL UNUSED 
INPUTS TO EITHER 
NOTE: Vop OR Vgs- 
Vv TEST ANY COMBINATION v. 
= OF INPUTS ss 
92CS~2 7441R1 92CS- 27402 
vi Fig.13 — Input-voltage test circuit. Fig. 14 — Input-current test circuit. 
ss 
92cs-27401RI 
Fig.12 ~ Quiescent-device-current test circuit. 
CHIP PHOTOGRAPHS 


Dimensions and Pad Layouts 











42-50 


57-65 
(1-067-1.270) 


448-1651) 

































































|! - 4-10 oF 
(0.102-0.254) =i Les $20 
{0.102-0,254)} 
6I-69 | 
* 66-74 
{1.549-1.752) (1.667-1,879) 


92CS-35052 


92CS-2a883 


CD4011BH CD4012BH 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 


57-65 dicated. Grid graduations are in mils (10-3 inch). 


(1.448-1.-651 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angie of 
Cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considera tolerance 
of —3 mils to +16 miis applicable to the nominal 
dimensions shown. 








1.667- 1.879 





92CS-35061 


CD4023BH 
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CD4011UB, CD4012UB, CD4023UB Types 


CMOS NAND Gates 
High-Voltage Types (20-Volt Rating) 


Quad 2 Input — CD4011UB 
Dual 4 Input — CD4012UB 
Triple 3 Input — CD4023UB 


The RCA-CD4011UB, CD4012UB, and 
CD4023UB NAND gates provide the system 
designer with direct implementation of the 
NAND function and supplement the existing 
tamily of CMOS gates. 

The CD4011UB, CD4012UB, and CD4023UB 
types are supplied in 14-lead hermetic dual- 
in-line ceramic packages (D and F suffixes), 
14-lead dual-in-line plastic packages (E suf- 
fix), 14-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 























ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTEC TION 
NETWORK 


ss 92¢5-1S969R! 


Fig. 1 — Schematic diagram for type CD4012UB. 





Features: 
® Propagation delay time = 30 ns (typ). at 
Cy = 50 pF, Vpp = 10 V 
@ Standardized symmetrical output 
characteristics 
™ 100% tested for quiescent current at 
20 V 
® Maximum input current of 1 vA at 18 V 
over full package temperature range; 
100 nA at 18 V and 25°C 
5-V, 10-V, and 15-V parametric ratings 
Meets all requirements of JEDEC Tentative 


Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 
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COS/MOS PROTECTION 
NETWORK 
JCS 99°C RI 


ss 


Fig. 2 ~ Schematic diagram for type CD4011UB. 
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Fig, 3 — Schematic diagram for type CD4023UB. 
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CD4011UB 
FUNCTIONAL DIAGRAM 





9208-24759 
CD4012UB 
FUNCTIONAL DIAGRAM 
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CD4023UB 
FUNCTIONAL DIAGRAM 





RECOMMENDED OPERATING 
CONDITIONS 


For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges. 


aanacreniefan, aK [ont 


eae 





Supply Voltage 
Range {For Ta= 
Fuil Package Tem- 
perature Range) 
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CD4011UB, CD4012UB, CD4023UB Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vop) 
{Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 


: 0.5 to +20 V 
—0.5 to Vop +0.5 V 


OC INPUT CURRENT, ANYONEINPUT . 2. . . 2... ee) HO MA 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE Bhs) ae » 500 mw 
For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mw/°c to 200 mW 


For Ta = --55 to +100°C (PACKAGE TYPESD.F,K) . . . $00 mw 
For Ta = +100 to +125°C (PACKAGE TYPES b, F,K). Derate Linearly at 12 mw/°c to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . . 100 mw 
OPERATING-TEMPERATURE RANGE aay 
PACKAGE TYPES D,F,K,H . . é 
PACKAGE TYPE E 
STORAGE TEMPERATURE RANGE (Tstg ) 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 = 1/32 inch (1.59 0.79 mm) from case for 10smax. . . . . . , +265°C 


~55 to +125°C 
~40 to +85°C 
—65 to +150°C 





(INPUT VOLTAGE (Vp )—V 


92C3- 30936 


Fig. 4 — Minimum and maximum voltage 
transfer characteristics, 
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Fig. § — Typical voltage transfer characteristics 
as a function of temperature. 








































































































































































































































































Typ. 
‘ Ls [AMBIENT TEMPERATURE (Yq) = 25°C TIFT rags 
{Sink} Current , 2.6 | SUPPLY VOLTS (Vpn) * +15. eee at 
lor Min. ‘sherrcoe ak *r 
Output High 0.51 | -1 | eee sesssesess D 
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CD4011UB, CD4012UB, CD4023UB Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 


At T, = 28°C, Input t,, t¢= 20 ns, and C, = 50 pF, Ry = 200k2 


TEST CONDITIONS 


CHARACTERISTIC 


Propagation Delay Time, 


‘PHL: tPLH 





Transition Time, 
THLE: TLH 





Input Capacitance, Cj, 


AMBIENT TEMPERATURE (Tq)*25°C -} 








fou mA 
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ee § 
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TO-SOURCE VOLTAGE (Vps)—V 
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Fig. 9 — Minimum output low (sink) current 
characteristics. 
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Fig. 10 — Typical output high (source) current 
characteristics. 
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Fig.12 — Typical propagation delay time vs. load 
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Fig.13 — Typical transition time vs. load 
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Fig.15 — Quiescent device current test circuit. Fig.16 — input voltage test circuit. 
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Fig.8 — Typical output low (sink) current 
characteristics, 
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Fig. 11 — Minimum output high {source} current 
characteristics. 


AMBIENT TEMPERATURE (Ta}* 25 °C 
POWER DISSIPATION P*CVop"t + Powescent 




































































108 
= 
ca 
Vig 
oS 
e oF 
¥ oF, 
S Ev suppcy vourstvpp}#! 
ia . 10, 
# 102 
a os = 
z f- 
& ol im 
Zz 10 
a = t= 
a = = 
amma) Gl LOAD CAPACITANCE (C_]*ISpF ——= 
Et CU *SOpF === 
t= mat rT 
ee ah an oa + Ht 4 
itil 
wo? 108 104 108 108 0 
INPUT FREQUENCY (f)) — Hz 9768-17865 
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Fig.17 — Input current test circuit. 
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CD4011UB, CD4012UB, CD4023UB Types 


TERMINAL ASSIGNMENTS 
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Dimensions and Pad Layouts 
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65 _ | | | | | ——> Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (1 o-3 inch). 











tiseee 1378) The photographs and dimensions of each CMOS chip 

represent a chip when it is part of the water, When the 
wafer is separated into individual chips, the angie of 
Cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
eae dimensions shown. 
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CD4013B Types 


CMOS Dual 
‘D’-Type Flip-Flop 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4013B consists of two identical, 
independent data-type flip-flops. Each flip- 
flop has independent data, set, reset, and 
clock inputs and Q and Q outputs. These de- 
vices can be used for shift_register applica- 
tions, and, by connecting Q output to the 
data input, for counter and toggle applica- 
tions. The logic level present at the D input 
is transferred to the Q output during the 
Positive-going transition of the clock pulse. 
Setting or resetting is independent of the 
clock and is accomplished by a high level on 
the set or reset line, respectively. 


The CD4013B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-tine plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


RECOMMENDED OPERATING CONDITIONS 


Features: 

™ Set-Reset capability 

® Static flip-flop operation — retains state 
indefinitely with clock level either 
“high” or “low” 

= Medium-speed operation — 16 MHz (typ.) 
clock toggle rate at 10V 

@ Standardized symmetrical output 

characteristics 
= 100% tested for quiescent current at 20 V 


Maximum input current of 1 uA at 18 V 
over full package temperature range; 
100 nA at 18 V and 25°C 
® Noise margin {over full package 
temperature range): 1 V at Vpp=5 V 
2 V at Vpp=10 V 
2.5 V at Vpp=15 V 
= 5-V, 10-V, and 15-V parametric ratings 


@ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 
™ Registers, counters, control circuits 


AtT y= 25°C, Except as Noted. For maximum reliability, nominal operating condi- 
tions should be selected so that operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range 
(For Ta = Full Package 
Temperature Range) 





Data Setup Time ty 


Clock Pulse Width ty 


Clock Input Frequency fo 


Clock Rise or Fal! Time 
tCL,” tCL 


Set or Reset Pulse Width 
tw 








“If more than one unit is cascaded in a parallel clocked operation, t,CL should be made less than or equal to 
the sum of the fixed propagation delay time at 15 pF and the transition time of the output driving stage for 


the estimated capacitive load. 
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CD40138 
FUNCTIONAL DIAGRAM 
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Fig. 1 — Typical output low {sink} 
current characteristics. 
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Fig. 2 — Minimum output low (sink} 
current characteristics. 
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current characteristics. 
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CD4013B Types 


DRAIN-TO-SOURCE VOLTAGE (Vos)—V 


STATIC ELECTRICAL CHARACTERISTICS 







LIMITS AT INDICATED TEMPERATURES (°C) 
Values at ~55,+25,+125 Apply to D,F,K,H Pkgs. 
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OUTPUT HIGH (SOURCE) CURRENTIL on)— mA 


CHARAC- 
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sie 


Fig. 4 — Minimum output high {source} 
current characteristics. 
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Fig. 5 ~ Typical propagation delay time vs. load 
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Fig. 6 — Typical propagation delay time vs. load 
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Fig. 7 — Logic diagram and truth table for CD4013B ° 7 ia © 


SUPPLY VOLTAGE (Vpp!— Vv 92c8- 26392R2 
Fig. 8 — Typical maximum clock frequency vs. 
supply voltage, 


fone of two identical flip-flops). 
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CD4013B Types 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp} 


(Voltages referenced to Vgg Terminal!) : —0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT . . +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40 to +60°C (PACKAGE TYPE E) 500 mw 


For Ta, = +60 to +85°C (PACKAGE TYPE E) 


Derate Linearly at 12 mw/°c to 200 mW 








For Ta = —55 to +100°C (PACKAGE TYPES D,F,K). . . + + + + 8 ee ee 500 mw 

For Ta = +100 to +125°C (PACKAGE TYPES D, F. K). Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . | - 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPESD,F,K,H . . . . . —5S to +125°C 

~40 to +85°C 


—65 to +150°C 


PACKAGE TYPEE . 2. . 2... 
STORAGE TEMPERATURE RANGE (Totq) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 £ 1/32 inch (1,59 0.79 mm) from case for10smax. . . . © 1 + +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At Tg = 25°C; Input t,, t¢= 200s, Cy = 50pF, Ry = 200k 

















TEST 


CONDITIONS LIMITS 


CHARACTERISTIC 











Propagation Delay” Time: 
Clock to OQ or O Outputs 


ThHL: tPLH 










Set to Q or Reset toO tpi yy 


Set to Q or Reset toO toy, 


Transition Time trot "TLH 


|g egies dea gles 


Maximum Clock Input Frequency 
Frequency * fot 






Minimum Clock Pulse Width ty, 


Nn wWwy 
oo oO 
hOB 
8868 






Minimum Set or Reset Pulse 
Width ty 


90 180 
40 
25 


a @ 
asa 





Minimum Data Setup Time t& ns 


_ 

38 
Ny + 
oU.° 


Clock Input Rise or Fall Time 
tee, 4CL 


(Input Capacitance Cyry 


#input t,, te = Bas. 
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DISSIPATION PER DEVICE— (Pp)—pW 
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10 105 
INPUT FREQUENCY (f))—-Hr 
. 92CS-35271 
Fig. 9~ Typical power dissipation 
vs. frequency. 


TEST CIRCUITS 





92C5. 2740181 


Fig. 10 — Quiescent device current. 
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Fig. 11 — input voltage. 
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Vss TO GOTH Vpp AND Vas: 
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Fig. 12 — Input current. 








CD4013B Types 


CLOCK 2 
RESET2 
v2 
SET2 





TOP VIEW 
92CS-24459RI 


TERMINAL ASSIGNMENT 





9208-36060 


Fig. 13—Dynamic power dissipation test 
circuit. 





DIMENSIONS AND PAD LAYOUT FOR CD40138H 





92CS-35050 


The photographs and dimensions of each CMOS chip 
, “ A ? os represent a chip when it is part of the wafer. When the 
Dimensions ip parentheses bas a millimeters and are water is separated into individual chips, the angle of 
derived from the basic inch dimensions as indicated. Cleavage may vary with respect to the chip face for 
Grid graduations are in mils (10~° inch). different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4014B, CD4021B Types 


CMOS 8-Stage 
Static Shift Registers 


High-Voltage Types (20-Volt Rating) 
CD4014B: 

Synchronous Parallel or 

Serial Input/Serial Output 


CD4021B: 


Asynchronous Parallel input or 
Synchronous Serial Input/Serial Output 


The RCA-CD4014B and COD4021B series 
types are 8-stage parallel- or serial-input/ser- 
ial output registers having common CLOCK 
and PARALLEL/SERIAL CONTROL inputs, 
a single SERIAL data input, and individual 
parallel “JAM” inputs to each register stage. 
Each register stage is a D-type, master-slave 
flip-flop. In addition to an output from stage 
8, "Q" outputs are also available from stages 
6 and 7. Parallel as well as serial entry is 
made into the register synchronously with the 
positive clock line transition in the CD4014B. 
In the CD4021B serial entry is synchronous 
with the clock but parallel entry is asyn- 
chronous. In both types, entry is controlled 
by the PARALLEL/SERIAL CONTROL in- 
put. When the PARALLEL/SERIAL CON- 
TROL input is low, data is serially shifted 
into the 8-stage register synchronously with 
the positive transition of the clock line. When 
the PARALLEL/SERIAL CONTROL input 
is high, data is jammed into the 8-stage 
register via the parallel input lines and syn- 
chronous with the positive transition of the 
clock line. In the CD4021B, the CLOCK 
input of the internal stage is “forced” when 
asynchronous parallel entry is made. Register 
expansion using multiple packages is per- 
mitted. 


The CD4014B and CD4021B series types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
ead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), and 
in chip form (H suffix). 


Yop 
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SERIALIN 
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CONTROL 

TOP VIEW os2cs-24456 
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TERMINAL DIAGRAM 
C04014B, CD4021B 


Features: 


= Medium-speed operation . . .12 MHz (typ.) clock 


rate at Vop—Vss = 10 Vv 
= Fully static operation 


# 8 master-slave flip-flops plus output 
buffering and contro! gating 
100% tested for quiescent current at 20 V 


@ Maximum input current of 1 ZA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
® Noise margin (full package-temperature 
range)= 1VatVpp=5V 
2 Vat Vpp 2=10V 
2.5 Vat Vpop = 15 V 


= Standardized, symmetrical output characteristics 


5-V, 10-V, and 15-V parametric ratings 

@ Meets alt requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 
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€D4014B, CD40218 
FUNCTIONAL DIAGRAM 





Applications: 
® Parallel input/serial output 
data queueing 
@ Parallel to serial data conversion 
® General-purpose register 


RECOMMENDED OPERATING CONDITIONS AT T, = 25°C, Unless Otherwise Specified 
For maximum reliability, nominal operating conditions should be selected so that operation 


is always within the following ranges. 
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CD4014B, CD4021B Types 


TRUTH TABLE ~ CD4014B 


PAR SER 
CONTROL 






















PARALLEL /SERIAL 
CONTROL 


cL ch 
aur INPUTS ARE PROTECTED 92CM-28673R1 
BY COS/MOS PROTECTION 
NETWORK 


Fig. 1 — Logic diagram for CD40148. 
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Fig. 2 — Logic diagram for CD4021B. 
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CD4014B, CD4021B Types 
















































































MAXIMUM RATINGS, Absolute-Maximum Values: [AMnENT TeMPERATUne (Ta) ocd 
DC SUPPLY-VOLTAGE RANGE, (Vpp) + 
(Voltages referenced to Vgg Terminal) ........2-- 5.00. c cere ener erences -0.5 to +20 V 3 
INPUT VOLTAGE RANGE, ALL INPUTS . 0.5 to Vpp +0.5 V Fe by 
DC INPUT CURRENT, ANY ONE INPUT «0.0.22 eect ent teen e ete t eee es +10 mA 5 os 
POWER DISSIPATION PER PACKAGE (Pp): ra 
For Ta = ~40 to +60°C (PACKAGE TYPE E) ........---0seeeceeeeeteeesenerrteeeeetteessees 500 mw = 20) 
For the +60 to +85°C (PACKAGE TYPE E) . Derate Linearly at 12 mW/°C to 200 mW 5 i 
For Ta = -65 to +100°C (PACKAGE TYPES D, F, K) ..... 0.0 e cece cence eee etter e rete nena 500 mW z 
For th = +100 to +125°C (PACKAGE TYPES D, F, K) .......--- Derate Linearly at 12 mW/°C to 200 mW 2 
DEVICE AoISSIPATION PER OUTPUT TRANSISTOR: 2 
For Ta= = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...-.-..----0+seeee eee 100 mW 3 5 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K,H ... 2.2. ec cece eee ere renee et ener ene een ene tees ~55 to +125°C 
PACKAGE TYPE E ~40 to +85°C DRAIN-TO-SOURCE VOLTAGE (Vos) —V sae basta 
STORAGE TEMPERATURE RANGE (Tgtg) «++. +00 ssc ere eee terre seen testes tester ne ene es -65 to +150°C Fig. 3 — Typical output low (sink) current 
LEAD TEMPERATURE (DURING SOLDERING): characteristics. 
At distance 1/16 +1/32 inch (1.59+0.79 mm) from case for 105 Max. ...-.. reece eerste errr eee +265°C 
AMBIENT TEMPERATURE (T,)+25°C 
= 
1 
3 15] 
© estttet GATE ~T0- SOURCE VOLTAGE (Vgg)=I5 V 
STATIC ELECTRICAL CHARACTERISTICS 5 iC + 
LIMITS AT INDICATED TEMPERATURES (°C) A 75H 1ov 
CHARAC- CONDITIONS | Values at -55, +25, +125 Apply to D, F, K, H, Packages a, 
TERISTIC Values at —40, +25, +85 Apply to E mee 5 
ee reece : : 
10s | 28 i [ ae : 
DRAIN- TO-SOURCE VOLTAGE (Vps)—V 


9205 24519R 
Fig. 4 — Minimum output low {sink) current 
characteristics, 


ORAIN- TO- SOURCE berg (Vog)—V 








4.6 















(Source) 
Current, 


lou Min. 





N |: 
on 












OUTPUT HIGH (SOURCE? CURRENTiL oH)— mA 











Output Voltage: 
Low-Level, 


9265-24920R9 





Fig. 5 — Typical output high (source) cucrent 
characteristics. 













DRAIN-TO-SOURCE VOLTAGE (Vp$)—V 
-15 10 -5 0 
AMBIENT TEMPERATURE (Ta)= 25°C 
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92cs-243ziRZ 


GATE -TO-SOURCE VOLTAGE [Vgg)s -5 Vv: = 

hain f 

ee 

h.5,13.5 fog 

- t 4 

Input High 2: a = ‘3 § 

Voltage, 3 

4 + 1s 

ViH Min. ; 1 +: $ + 5 

rengeeses é 

Input Current Ht 3 
tiny Max. 


Fig. 6 — Minimum output high (source) current 
characteristics. 



















DYNAMIC ELECTRICAL CHARACTERISTICS at T ,=25°C, Input t,,t¢=20 ns, 
C_=50 pF, R,_ =200 KQ 











TEST 
CONDITIONS 





CHARACTERISTIC 






























Propagation Delay Time, 
tPLH: tPHL 15 60 120 
Transition Time, Hi Fi Hs 
‘THL tTLH 40 80 
Maximum Clock Input p 
Frequency, fo. 17 
Minimum Clock Pulse > ~ 
Width, t ” ite a 
tenn. Fw 15 25 









Clock Rise and Fall Time, 
t-CL, teCL* 






ao 
oO 
osfess 
pa 





Minimum Set-up Time, t,: 
Serial Input 
(ref. to CL) 
Paratlel Inputs 
CD4014B 
(ref. to CL) 
Parallel inputs 
CD4021B 
{ref. to P/S) 
Paraliel/Seriat Control 
CD4014B8 
(ref. to CL) 
Minimum Hold Time, ty: 
Serial In, Parallel In, 
Parallet/Serial Control 
Minimum P/S Pulse Width, 
TWH 
(CD40218B) 
Minimum P/S Removal Time, 


tREM 
CD40218B (ref. to CL) 


Average Input Capacitance, C, Any Input 


* if more than one unit is cascaded t, CL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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CD4014B, CD4021B Types 





+ 


AMBIENT TEMPERATURE (Ta)=25% 


TRANSITION TIME (tH. .tTLH)—a8 








LOAD CAPACITANCE (C_)— pF 
g2cs~ 24322 


Fig. 7 — Typical transition time as a function of 
load capacitance. 





AMBIENT TEMPERATURE (T, )*25°C 


Y PHL PL ne 
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Fa 18N 
i> 
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LS 
° 2 40 Cy 80 wo 
CAPACITANCE (C,)-pF 
e2cs- 29869 
Fig. 8 — Typical propagation delay time as a 
function of load capacitance. 
we AMBIENT TEMPERATURE [Tg )=25*°C 
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POWER DISSIPATION (Po) — ww 
a 
¢, 











i= ¢, 918 pF 
—C_ *S0pF 


H 
T 
i Uy Simmsll 
tT? 66° ,2 468 2 466 
' 2 eee 2 468 22 4 103 io os 


CLOCK INPUT FREQUENCY (fo,)~kHz 
92C8-29071 


Fig. 9 — Typical dynamic power dissipation 
as a function of clock input frequency. 
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SER. DATA 


(1/4 fei) 92¢8-29871 


Fig. 10 — Dynamic power dissipation test circuit. 
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CD4014B, CD4021B Types 





92c5- 2740)R1 
Fig. 11 — Quiescent device 
current test circuit. 









Yoo 


INPUTS ouTPUTS 


Moe ~“@ 
Vit i 


NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 


9208-2 74411 


Fig. 12 — Input voltage test circuit. 


is 


i 


c 4-10 
.102-0.254) 


19 
(2.312-2.514) 





‘oo 
INPUTS 
Yoo NOTE: 
So-(Z)= MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Von AND 


COMNECT ALL UNUSED 
INPUTS TO EITHER 


Voo on Vg . 
Vss 


9208-27002 


Fig. 13 — Input current test circuit. 


— 


80-88 
(2.032-2.235) 


| 


Dimensions and pad 
layout for CD4014BH 
(CD4021 BH is identical) 


92CM- 29870 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
water is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
differant chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mits (10—~ inch). 











CMOS Dual 4-Stage 
Static Shift Register 


With Serial Input/Paratlel Output 
High-Voltage Types (20-Volt Rating) 


The RCA-CD4015B consists of two identical, 
independent, 4-stage _ serial-input/parallel- 
output registers. Each register has indepen- 
dent CLOCK and RESET inputs as well as 
a single serial DATA input. ‘'Q" outputs are 
available from each of the four stages on 
both registers. All register stages are D-type, 
master-slave flip-flops. The logic level pre- 
sent at the DATA input is transferred into 
the first register stage and shifted over one 
stage at each positive-going clock transition. 
Resetting of all stages is accomplished by a 
high level on the reset line. Register expan- 
sion to 8 stages using one CD4015B package, 
or to more than 8 stages using additional 
CD4015B’s is possible. 


The CD4015B-series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic package (E suffix), 16-lead ceramic 
flat package (K suffix), and in chip form (H 
suffix). 


CD4015B Types 


Features: 


@ Medium speed operation............. 
12 MHz (typ.) clack rate at Vpp — Vgs = 10 V 
8 Fully static operation 
= 8 master-slave flip-flops plus input and output buffering 
® 100% tested for quiescent current at 20 V 
@5-V, 10-V, and 15-V parametric ratings 
® Standardized, symmetrical output characteristics 


92cs 25048 


@ Maximum input current of 1 4A at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 

® Noise margin (full package-temperature 
range) = 

1Vat Vop =5V 
2V at Vpp = 10 V 
2.5 V at Vop = 15 V 


@ Meets all requirements of JEDEC Tentative 


FUNCTIONAL DIAGRAM 





TERMINAL DIAGRAM 





Standard No. 13A, ‘Standard Specifications eee hg an 2 
for Description of ‘B’ Series CMOS Devices” Q3A 3 RESET B 
. . 2A 4 ais 
Applications: QA 45 a2B 
. ey 4 RESET A 6 Q38 
® Serial-input/parallel-output data queueing DATAA ? Osa 
8 Serial to parallel data conversion Yss 18 een 
® General-purpose register 9208-24487 








Sl ALL INPUTS PROTECTED BY COS/MOS INPUT 
PROTECTION NETWORK 





TRUTH TABLE 





92CM-29385R2 
% = DON'T CARE CASE 


Fig. 1 — Logic diagram (1 register). 











a ee a ee 
CD4015B Types 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 





DC SUPPLY-VOLTAGE RANGE, (Vpp) t 
(Voltages retertnced to Vgg Terminal) © 6 | ww. foe eee 2 -O5t0+20V ft 
INPUT VOLTAGE RANGE, ALLINPUTS.. 2 2 1 1 1. - 2. O5t0Vpp t05V f2 
DC INPUT CURRENT, ANYONEINPUT . . .. ss xsi hy ay Aa= vgs Sd Et 2) Ee t1iO mA z 
POWER DISSIPATION PER PACKAGE (Pp): E 
For Ta = —40 to +60'C (PACKAGE TVPE EPs ck fe OR ee BD Soret Ot “ 500 mw 4 
For Ta = +60 to +85 C (PACKAGE TYPE E). . . Derate Linearty at 12 mW/ C to 200 mW IS 
For Tp =-55 to +100°C (PACKAGE TYPESD,F,K) . . . . . 2. 2 we o 500 mw 2 
For Ta = +100 to +125°C (PACKAGE TYPES D,F,K) . . . Derate Linearly at 12 mW/ C to 200 mW ey 
OEVICE DISSIPATION PER OUTPUT TRANSISTOR = 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types). 2. swt 100 mw 3 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K,H Ses <i cde? BV ee Se ge Be ee -55 to +1 25°C © cnami2tossodeee Voitase Won ¥ 
PACKAGE TYPEE .. . 2 2...) —40 to +85 C Cet Fe 
STORAGE TEMPERATURE RANGE A a a a -65 to +180°C Fig. 2— Typical output tow (sink) current 
LEAD TEMPERATURE (DURING SOLDERING): characteristics. 


At distance 1/16 £ 1/32 inch (1.59 + 0.79 mm) from case for 10 5 max. - oe ee #2685°C 
AMBIENT TEMPERATURE (Tg)*28*C 






































‘ov ~mA 


RECOMMENDED OPERATING CONDITIONS at T , = 25°C, Except as Noted. For maximum 
reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


& 








GATE TO-SOURCE VOLTAGE (Vgs)«I5 V 






























































OUTPUT LOW (SINK) CURRENT (1, 
N 
a 


CHARACTERISTIC 1ov 
Supply-Voltage Range (For Ty = Full Package- 
Temperature Range) . Sv 
° 5 0 I 
Clock Pulse Width DRAIN~TO- SOURCE VOLTAGE (V¥ps)—v 
Fig. 3 — Minimum output tow {sink} current 
characteristics. 
Clock Rise and Fatt Time, ORAIN-TO-SOURCE VOLTASE (Vps)—v 


Clock Input Frequency, 


Data Setup Time, 


Reset Pulse Width, 


i 
1 
E; 
: 
8 
i 
i 
3 





g2cs-zeszoms 
Fig. 4 — Typical output high (source) current 
characteristics. 


ORAIN-TO-SOURCE VOLTAGE (Vog)—Vv 
250] AMBIENT TEMPERATURE (Ty) #25°C 
























































2 2 
t 4 ‘ 
4 5 z 
|e Fo 
| i 
i} iy : 
a - a 0) 
g z 5 
3 e 
3 F| 5 
I 100 
tn 
5 
: 4 
30} 
° 60 400 
92C3-20921R2 LOAD CAPACITANCE (C,)—pF bee eads LOAD CAPACITANCE (C.}— pF 9289-29675 
Fig. 5 — Minimum output high {sources current e Fig. 7 — Typical propagation delay time as a func- 
characteristics. Fig. 6 — Typical transition time as a function of = aon of Woh casachanes. " 


load capacitance. 
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CD4015B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at ~55, +25, +125 Apply to D,K,F,H Packages 
CHARACTER- : Values at —40, +25, +85 Apply to E Package 
Vv 


(v) (v) | (v) : 


+ 


Quiescent Device 
Current, 


EEEGU 


Output Low 
(Sink) Current 


Output High 
(Source) 
Current, 
1OH Min. 


Low-Level, 
VoL Max. 


Output Voltage: 
High-Level, 
VOH Nin. 


Input Low 
Voltage, 
Vit Max. 


Input High 
Voltage, 
Vint Min. 


Input Current 
lin Max. 





Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch). 


ei 
an 








The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
Cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly trom the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 


++ 
o— 
dimensions shown. 
4-10 
(0.102-0.254) 
95-103 




















(2. 413-2.616) 
92CM- 29678 


Photograph of Chip Layout for CD4015B. 
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CD4015B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T 4 = 25°C, Input tp, t¢= 20 ns, Cy = 50 pF, 


Ry = 200kQ 


CHARACTERISTIC 
CLOCKED OPERATION 


Propagation Delay Time; Tpit. TpLH 


Transition Time; trou tTLH 


Minimum Clock Pulse Width, 


twCL 





Clock Rise & Fall Time; CL, t¢CL* 


Minimum Data Setup Time, tsu 


_e= 
= 6 = | 
ee 
= 


a“ 


w 
ao 





Maximum Clock Input Frequency, fo, 


Input Capacitance, Cyjy Any Input 


RESET OPERATION 


~ 

~ 
~ 
Oo 


s 
o 
a] 
n 


Propagation Delay Time, TpHL: 





Minimum Reset Pulse Width tywR 


o 





* If more than one unit is cascaded t,CL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 





92C8- 2740KR1 


Fig. 10 — Quiescent device current test 
circuit. 


NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 


92CS-27e41R1 


Fig. 11 — Input voltage test circuit. 





at 


[Power DISSIPATION PER REGISTER (Pp)— pW 


10S] AMBIENT TEMPERATURE (Ta }# 25°C 
raty S208 





























Fig. 8 — Typical power dissipation as a function 
of frequency. 





9205-29677 


Fig. 9 — Power dissipation test circuit. 


Yoo 


Yoo NOTE: 
MEASURE INPUTS 
SEQUENTIALLY, 


Vss 


v2C8- 27402 


Fig. 12 — Input current test circuit. 
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CMOS Quad 
Bilateral Switch 


For Transmission or Multiplexing 
of Analog or Digital Signals 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4016B Series types are quad 
bilateral switches intended for the trans- 
mission or multiplexing of analog or digital 
signals. Each of the four independent bi- 
lateral switches has a single control signal 
input which simultaneously biases both the 
p and n device in a given switch on or off. 


The CD4016'B” Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 14-lead dual-in-line 
plastic packages (E suffix), 14-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


Features: 
@ 20-V digital or + 10-V peak-to-peak switching 


a 280-22 typical on-state resistance for 15-V operation 
a Switch on-state resistance matched to within 10 Q 


typ. over 15-V signal-input range 

= High on/off output-voltage ratio: 
65 dB typ. @ fj, = 10 kHz, Ry = 10 k2 

= High degree of linearity: <0.5% distortion 
typ. @ fig = 1 kHz, Vis = 5 Vp-p. 
Vpp-Vss 2 10 V, RL = 10 k2 

= Extremely low off-state switch leakage 
resulting in very low offset current and 
high effective off-state resistance: 
100 pA typ. @ Vpp—Vss=18 V, Ta=25°C 

® Extremely high control input impedance 
{control circuit isolated from signal circuit: 
1012 2 typ. 

@ Low crosstalk between switches: 
—50 dB typ. @ fj, = 0.9 MHz, Ry = 1kQ 

®@ Matched contro!-input to signal-output 
capacitance: 
Reduces output signal transients 

® Frequency response, switch on = 40 MHz 

(typ.) 

@ 100% tested for quiescent current at 20 V 
a Maximum control input current of 1 uA 
at 18 V over full package temperature 

range; 100 nA at 18 V at 25°C 
B 5-V, 10-V, and 15-V parametric ratings 


Applications: 

® Analog signal switching/multiplexing 
Signal gating = Modulator 
Squelch control ™ Demodulator 
Chopper # Commutating switch 


® Digital signal switching/multiplexing 

@ CMOS logic implementation 

= Analog-to-digital & digital-to- 
analog conversion 

® Digital control of frequency, impedance , 
phase, and analog-signal gain 


CD4016B Types 


Terminal Assignment 
IN/OUT 


siga Yoo eae 
QuT CONTROL A OUT/IN 
CONTROL O 
SIG Baur N 
CONTROL B ouT SIG D OUTsIN 
CONTROL C out SIG 8 
Yss ww S166 rout 





TOP VIEW 


9205-24458 
CONT 3 


Yoo 


CONTROL, 
Yc 
3205-21627 






Functional Diagram 


CD4016B 
foo 


9208-27659 





Schematic diagram - 1 of 4 identical sections. 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 


Operation is always within the following range: 
LIMITS UNITS 


CHARACTERISTIC | unrrs 
Binks 















Supply Voltage Range (For Ta = Full Package 
Temperature Range) 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Veg Terminal) -0.5 to +20V 
(INPUT VOLTAGE RANGE, ALL INPUTS O5to Voo 40.5 V 
OC INPUT CURRENT, ANY ONE JNPUT (INCLUDING TRANSMISSION GATE) +10 mA 
POWER DISSIPATION PER PACKAGE (P1) 

For Ta = —40 to +60, C (PACKAGE TYPE E) 7 500 mw 

For Ta = +60 to +85°C (PACKAGE TYPE E} Derate Linearly at 12 mW/ C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 


For Ta, = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearty at 12 mMW/°C to 200 mW 


DEVICE DISSIPATION PER TRANSMISSION GATE 















































































































































































































































































































































































































































































































































FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (Al! Package Types) 100 mW 
OPERATING: TEMPERATURE RANGE Mal 
PACKAGE TYPES D, F, K,H -55 to +125°C 
PACKAGE TYPE E . -40 to +85°C 
STORAGE TEMPERATURE RANGE (T,,,) -65 to +150°C 
LEAD TEMPERATURE (OURING SOLDERING): 
At distance 1/16 + 1/32 inch {1,59 + 0.79 mm) from case for 10 s max. +266°C 
SUPPLY VOLTS: Vg = #18; ¥gg 20 Mend S10 vee # 
wae AMMENT TEMPERATURE (T4) = 86°C ShetewT temeciecrune’ ites 
2.5 © 
> ‘as 
£ ys £ 
z* of ze oS 
3 7, 3 ? 
NS o he Oo: 
i 7s! 3 6 Ao, 
: 
re . 
z ° Vie ga Vie 
nm a. 
: ote . cai 
Vou Ht Vee 
TTT Re a 
° 25 3 75 r) zs ry 2 4 ‘ a r") 
INPUT SIGNAL VOLTS (Vis) INPUT SIOHAL VOLTS (Vig) 
92CS~ 27660 ‘92C8~ 27661 


Fig. 2— Typ. on-state characteristics for 1 of 4 


switches with Voo =+I0V, Vog=O Vv. 


Fig. 1-- Typ. on-state characteristics for 1 of 4 
switches with Vpp = +15 V, Veg=OV. 
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CD4016B Types 


ELECTRICAL CHARACTERISTICS 


Characteristic 


| Quiescent Device 


Current, lop 


Test Conditions 


Signal Inputs (Vj) and Output (Vo) 


On-State 


Resistance, ro, 


Max. 


AOn-State 
Resistance 
Between Any 


2 Switches, Aron, 


Vo = Vpp 


is*VppD or V 
Ry = 10ks2 FS 02 SS 


Returned 574.75 to 5.75 


to 
Vod-Yss|VisVop oF Vsg . 
2 _Wig=?-25 to 7.75 V115 | 


5 
Ry =10k82, Ve = Vop 





Total Harmonic 
Distortion, 
THO 
—3dB Cutoff 
Frequency 
(Switch on) 


—50dB Feed- 
through 
Frequency 
(Switch off) 


Input/Output 


Leakage Current 


(Switch off) 
1, Max. 


—50 dB 
Crosstalk 
Frequency 


Propagation 
Delay (Signal 


Input to Signal 


Output) tog 


Capacitance: 
Input, Ci, 


Output, Co, 


Feedthrough, 


Cios 


Ve=Vop =5 V. Vsg=—5V. Vis(p-p) 
= 5V (Sine wave centered on OV) 
R, =10 kQQ, f,,=1 kHz sine wave 


Vc=Vpp=5V. Vgg=-5V, 
Vis(p-p) =5 V (Sine wave 
centered on 0 V) RL=1kQ, 


=5V 


Vo=Vgs= -5V, Vj s(p- 
Vv) 


fone wave centered on 


Voo= +5 V, 
eu, = re 


Vc = Vpn. Vss = GND, 
c = soe = 

Vis = Square Wave 

0 to Vpp 

‘ty, t¢ = 20 ns 





LIMITS AT INDICATED 
TEMPERATURE (°C) 

Values at —55, +25, +125 Apply 
to D, F, K, H Packages 

Values at —40, +25, +85 Apply to 
E Package 


z 
> 





wld 

ra So sla| | 
ao) 
a 








SUPPLY VOLTS: Vop* #5; Vgg 0 
AMBIENT TEMPERATURE (7) © 25°C 












OUTPUT SIGNAL VOLTS {Vos} 
0 








0 1 2 3 


5 
INPUT SIGNAL VOLTS (Vig) 


9208-27662 


Fig. 3~Typ. on-state characteristics far 1 of 4 
Switches with Voo= t+5V, Vgg=9 v. 





SUPPLY VOLTS: Vog "+7; gg °-75 ~~, 
AMEXENT TEMPERATURE (T,)¢25°C 




























































































































































































OUTPUT SIGNAL VOLTS (Vos) 
° 
Ht 




















HH 


3 
“5 zi dB + 
+. Vos 
gob iacestariatsitsicis: 
-25 «0 
INPUT SIGNAL VOLTS (vig) 
9205-27863 




















































































































-75 -5 s 7 


Fig. 4-- Typ. on-state characteristics for 1 of 4 
switches with Vpp = 17.5 V, Vog™—7.5V. 







































































































































































































































































































































































re 
6 | SUPPLY VOLTS : Vpp 2 +8: V¥gg"-8 
Recosianii TEMPERATURE (3g) = 25°C 
at a 05 
aa He i 
2 Ng 
s << 
~- +4 
; fe plas 
Fe Ht 
e 
5 
= 
t 
5. 
a 
2 
INPUT SIGNAL VOLTS (Vg) 
9205-27664 
Fig. 5— Typ. on-state characteristics for 1 of 4 


Switches with Vop=ts Vv, Vgg7-5 Vv. 





SUPPLY VOLTS: Vpp * + 2.5V; Vag = -25V 
1 





3 
§ 





INPUT SIGNAL vours iver s2cs-27865 


Fig. 6— Typ. on-state characteristics for 1 of 4 
switches with V pp =+2.5 V, Vgg=-2.5 Vv. 





104 








CD4016B Types 


ELECTRICAL CHARACTERISTICS (cont'd) [ supeey VOLTS: Vop"*SV; Vggr-S¥ 


LIMITS AT INDICATED 
TEMPERATURE (°C) 


Values at -55, +25, +125 Apply to 
D, F, K, H Packages 
































Characteristic Test Conditions 





2 
3 
a 
a 
4 
8 


Control (Vc) 




















Control Input 
Low Voltage, 


VIL (Max.) 


Vis = Vss. Vos = Yop 
and 
Vis = Yoo. Vos = Yss 


INPUT SIGNAL VOLTS (Vie) 














‘RCS - 27006 
Fig. 7— Typ. on-state characteristics asa function of 
temp. for 1 of 4 switches with Vn p= +5 V, 
Vgg 2-5 V. 





3.5 (Min.) 














“[RUPPLY VOLTS: Vo" +3, Vgs*-5 


— 


Control Input 
















i i tee MAL YOU'S (Vi 5 Vp-p SINE WAVE (L77 RMS) 
High Voltage, See Fig. 10 10 7 (Min.) 30} vay carmelTance (C1) Ur TURE *CMETER®2342 5°400F 
Vv * FIXTURE AND WETER NULLED OUT 
{HC 41 (Min.) 


C1O5cecrunes” OFF 


AF VORTMETER 
1 BOONTON FEO 
On Eouy 









Input Current, 
1IN (Max.) 


ie obi Beebe 
as te 
ise 


Yer 


Vie <V 
Vio - Ves =18V 
Vcc < Vop — Vss 
Vc = 10 V (Sq. Wave) 
tr, te = 20 ns 

RL = 10kQ 
































a 
ATTENUATION (db? 


Crosstalk (Con- 
trol Input to 
Signal Output) 






OUTPUT SIGNAL RMS MILLIVOLTS (Voq} 


(| 
AZ) 
nal 
ail 
od 


eecs-1607S 


















Turn-On 
Propagation 
Delay 










tr, te = 20 ns 
CL = 50 pF 
RL =1kQ 





ro! * 0 w2 
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Fig, 8 ~ Typ. feedthru vs. frequency — switch 















Vis = Vop. Vss = GND, off. 
RL = 1 k&2 to gnd, 
Maximum Cy. = 50 pF, 


Control Input 
Repetition Rate 


Vc = 10 V{Square 
wave centered on 5 V) 
tr, te = 20 ns, 

Vog = % Vos @ 1 kHz 
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—0.16 | —0.12 | —0.14 circuits in the same package. 
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Fig. 10— Determination of rg, as a test condition for control input 


Fig. 11 — Typical frequency response 
high voltage (V;,4¢/ specification. % YP ho ahaa Shao 


— switch on. 
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CD4016B Types 


TYPICAL ON-STATE RESISTANCE CHARACTERISTICS, Ta = 25°C 


CHARAC. SUPPLY 
TERISTIC*) CONDITIONS 


LOAD 
CONDITIONS 


Ry = tk Ry = 1OkQ | A, = 100K 


Vss |VALUET Vj, [VALUE] Vj, [VALUE] V, 
(Vv) f (9) (v) (QQ) (v} (92) (Vv) ARE SORTER RRALS 


ARE CONNECTED TO Vsg 


n 





a 


9208-27667 


Fig. 12 ~ Off-state switch input or output 
leakage current test circuit. 





ALL UNUSED TERMINALS ARE 
CONNECTED TO Vgs 


9208-27666 


Fig.13 — Test circuit for square-wave 
response. 








SCALE: X= O.2 ms/DIV Y¥ = 2.0 V/DIV SCALE. X=O2ms/DIV ¥ = 2.0 V/DIV 
SCALE: X=Q2ms/DIV Y= 20 V/DIV 


Voo = Vo = #5 V. Vss= 5V. RL = 10K VoD = Ve. *2.8V. Vs * -2.5V, AL = 10K82 
7 yu ; =15p 

Vp « Vo = +7.5V. Vs = -7.5V, Rt = 10K2 CL = 15 pF cu=) = 

Cy = 15 pF fig=}KH2 Vis=5V pp f1§ - 1 KHz vis 5 SY pp 

figs 1 KHz Vis = 5V pp DISTORTION = 0.4 % DISTORTION= 3 % 

DISTORTION? 0.2% 92cS~27613 92cs~ 27614 

92cS—27612 ; dnd 
Fig.15 — Typical sine wave response of Vpp = Fig.16 — Typical sine wave response of Vpp = 
Fig.14 — Typical sine wave response of Vpp = +5 V, Vgg =—5 V. #2.5 V, Vsg = -2.5 V. 
+7.8 V, Vgg = —7.5 V. 





SCALE: X= 100 ns/DIv 





aad SCALE X = 100.ns/DIV 
= 100 ns 
SCALE: X= 100ns.DIV i 
92CS-27615 vERO VDIv Y=2v/Div 
92CS- 27616 FEES =F 76IT. 
Fig.17 — Typical square wave response at Fig.18 — Typical square wave response at Vpp = Fig.19 — oF, bra Spe sia at Vob 
Vopo = Vc = +15 V, Vgg = Gnd. Vo = +10 V, Vgg = Gnd. c 7 VSS ng. 














CD4016B Types 





Ve so O 
+10V Vis Vos 
Vos WITH TEST UNIT of 
11 SWITCH OFPCO4016A mn frty#2Ons 
PLUGGED IN TEST 
FIXTURE} 
YssO = 
Vos FIXTURE ALONE Yas ke ALL UNUSED TERMINALS 
INOUNIT, TERM ARE CONNECTED TO Vss 
5 TO 3 OF SOCKET) Vc = 10V PER Div s7es-27670R 
Vos - 0.2V PER O1V 
ALL UNUSED TERMINALS ARE 1 100ns PER DIV 
CONNECTED TO Vgs 92cs-276168 
‘secs"ereee Fig.21 — Propagation delay time signal input 
fal (bo) (Vj g/ to signal output (Vag). 


Fig.20 — Crosstatk-control input to signal output. 


REP 
DNS 
Ve 
tpriye2One WEASURED ON BOONTON CAPACITANCE 


BRIDGE MODEL 75A (1 MHz) 





Yoo 
o ¥ % 
ty ste? 2008 te a lon 
Ves"-8V —e- 
szcs-27672 vopeesy OME Rom 
SWITCH THRESHOLD VOLTAGE IS DEFINED \ \ 
is aera aes 7 
10 pA OF TRANSMISSION GATE CURRENT * + 
ALL UNUSED TERMINALS ARE 
NNECTED TO V ALL UNUSED TERMMALS 
os 0 70 Vss orcs-27671R ARE CONNECTED TO Vg ica Hive 
- : a ig-23 ~ i Y? tage. it = it 
Fig. 22 — Max. control-input repetition rate. Fig.23 ~ Switch threshold vol Fig.24 — Capacitance Cyog and Cog. 


Dimensions and pad layout for CD4016BH 





ALL UNUSED TERMINALS ARE 
CONNECTED TO Vss 


750% 
Ve 53-61 
t -347-1- 
Vos a rn to Vss AL SARE Sot 


Vis t© Yo 


— fez L- 
Vos’ Ry to Yop 
alia eaee | Via to Vgg 


92CM-28308 


Fig.25 — Turn-On propagation delay-control input. 





102-0.254) 
49-57 
(1-245-1.447) 
92Cs- 35063 
Dimensions in parentheses are in millimeters and are The photographs and dimensions of each CMOS chip 
derived from the basic inch dimensions as indicated. represent a chip when it is part of the wafer. When (he 
Grid graduations are in mils (10-3 inch) wafer is separated into individual chips, the angle of 


cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly tram the nominal 
dimensions shown. The user should consider a tolerance 
of ~3 mils to +16 mils applicable to the nominal 
dimensions shown, 
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CD4017B, CD4022B Types 
CMOS Counter/Dividers 


High-Voltage Types (20-Voit Rating) Features: 
CD4017B—Decade Counter with «= Fully static operation 


CLOCK 


10 Decoded Outputs 
€04022B—Octal Counter with 

8 Decoded Outputs 
The RCA-CD4017B and CD4022B are 5- 
stage and 4-stage Johnson counters having 
10 and 8 decoded outputs, respectively. 
Inputs include a CLOCK, a RESET, and a 
CLOCK INHIBIT signal. Schmitt trigger 
action in the CLOCK input circuit provides 
pulse shaping that allows unlimited clock 
input pulse rise and fall times. 


These counters are advanced one count at 
the positive clock signal transition if the 
CLOCK INHIBIT signal is low. Counter 
advancement via the clock line is inhibited 
when the CLOCK INHIBIT signal is high. 
A high RESET signa! clears the counter to 
its zero count. Use of the Johnson counter 
configuration permits high-speed operation, 
2-input decode-gating and spike-free de- 
coded outputs. Anti-lock gating is provided, 
thus assuring proper counting sequence. The 
decoded outputs are normally low and go 
high only at their respective decoded time 
slot. Each decoded output remains high for 
one full clock cycle. A CARRY-OUT signal 
completes one cycle every 10 clock input 
cycles in the CD4017B or every 8 clock 
input cycles in the CD4022B and is used to 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges: 







CHARACTERISTICS 


Temperature Range) 


Clock Input Frequency, fei 


Clock Pulse Width, ty 


Clock Rise & Fall Time, tro, trey 


Clock Inhibit Setup Time, ts 


Reset Pulse Width, tay 


Reset Removal Time, trem, 


Supply-Voltage Range (For Ta = Full Package- 


™ Medium-speed operation . . . cvocK_18 


10 MHz (typ.) at Vpp = 10 
© Standardized, symmetrical output 
characteristics 
100% tested for quiescent current at 20 V 
® 5-V, 10-V, and 15-V parametric ratings 
Meets ali requirements of JEDEC Tentative 
Standard No. 13A, ‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


noe 
nye 
Fe 
"5 
6 
7 
8 
"9 


2 
DECODED DECIMAL OUT. 


cpsoi7e °°"? 
Functional Diagram 


Applications: 

® Decade counter/decimal decode display 
(CD4017B) 
Binary counter/decoder 


a 
® Frequency division 
= Counter control/timers poe 
a 
s 





Divide-by-N counting West ' 
For further application information, 
see ICAN-6166 “COS/MOS MSI 
Counter and Register Design and 
Applications” 
ripple-clock the succeeding device ina multi- 
device counting chain. 


The CD40178 and CD40228-series types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
tead dual-in-line plastic package (E suffix), 
16-lead ceramic flat packages (K suffix), and 
in chip form (H suffix). 


tied tg 
DECODED ouT. 


9265-2507 Hz 


CD40228 
Functional Diagram 












5 le Yoo 
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[| uimits os CLOCK 
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92C8-24459R1 
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UNLIMITED* i 
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10 
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TOP VIEW 


04017 
TERMINAL DIAGRAM 






Yoo 

RESET 

CLOCK 

CLOCK INHIBIT 
CARRY OUT 
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i 

nc 












92CS-24464R1 







230 
100 
70 
260 
110 
60 TOP VIEW 


NC - no connection 


CD4022B 
TERMINAL DIAGRAM 









“Only if Pin 14 is used as the clock input. If Pin 13 is used as the clock input and Pin 14 is tied high (for advancing 
count on negative transition of the clock), rise and fall time should be < 15 us. 
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CD4017B, CD4022B Types 


CARRY OUT 
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“ge re 
“g" si 


pee NT 
CARRY OUT SUsS4iMARL 


Fig. 2 ~ Timing diagram for CD40178. 
















. 
CLOCK 
Vss 
* ALL INPUTS PROTECTED BY 
F COS/MOS PROTECTION NETWORK 92c1,-26745R5 
cLock 
INHIBIT 





cL00K JOLLA AA PALA ALAA NNT 
RESET —\ $$$ 
CLOCK, rc 

INHIBIT 


"oO" oO fo} [o) 

















" 
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a: 
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carer 








Fig. 4 ~ Timing diagram for CD4022B. 


Vss 
* ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 


92CL-26746R3 


* CLOCK 
INHIGIT 


Fig. 3 — Logic diagram for CD4022B. 
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CD4017B, CD4022B Types 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vso Terminal): <1cd2 i6hcgae0 sade coebuxceeduceariawe nee uhotess -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ...........00000ccccceeeceeuceeceeeeeneeens -0.5 to Vop +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ......0.. 0.0.2.0 000 cc ceesccecececuaeeeuaneeeuaeeees +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For T, = -40 to +60°C (PACKAGE TYPE E) ......... 00.0 cece ccc ceceeeceeeeeeeceeueuuuarees 500 mW 

For T, = +60 to +85°C (PACKAGE TYPE E) ................005 Derate Linearly at 12 mW/°C to 200 mW 

For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 0.00... cc ccc cc eccccencetecunceececeeeeenes 500 mW 


For Ty = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 







For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .............00cee0eee 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPE E ........... -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tgtg) . 00sec eee reece e cect ee en eeeenee een eeennes ~-65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 +1/32 inch (1.59+0.79 mm) from case for 105 MAX. ....... eee cece cece eens +265°C 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS 
IN 


Values at -55, +25, +125 Apply to D, F, K, H, Packages 
Vo Vv 





CHARAC- 
TERISTIC 








Values at —40, +25, +85 Apply to E Package 
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AMBIENT TEMPERATURE ae 25 yt 


VEE 


a 





OUTPUT LOW (SINK) CURRENT (I5,) = mA 





DRAIN- TO-SOURCE VOLTAGE (Vpg)—Vv 
MCS 2aORy 


Fig. 5 Typical output low (sink) current 
characteristics. 





AMBIENT TEMPERATURE (Tq)*25 °C 


OUTPUT LOW (SINK) CURRENT (Ip) —ma 








ane TO-SOURCE VOLTAGE (Vps)—V 
92c5 -2439A1 


Fig. G6— Minimum output tow (sink) current 
characteristics. 





ORAIN- TO- SOURCE VOLTAGE (Vps)—V 
=15. =10 


AMBIENT TEMPERATURE (raleas-cFH TT 
baddest as dtsisaas T 
GATE -TO-SOURCE VOLTAGE (Vgs)*-5V 























= 3 
OUTPUT HIGH (SOURCE) CURRENT{L OH) — ma 





/ cc ine 
aa 


Bees 2ascoas 




















Fig. 7— Typical output high (source) current 
characteristics, 


ORAIN-TO-SOURCE VOLTAGE {Vos)—V 
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Ht LL co Ht 
ULE i 


92C8- 2a sziRe 





OUTPUT PNGH (SOURCE) CURRENTIZ OH)— ma 





Fig. 8— Minimum output high {source} current 
characteristics. 
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CD4017B, CD4022B Types 





DYNAMIC ELECTRICAL CHARACTERISTICS 











‘At Ta = 25°C, Input t,, ty = 20 ns, CL = 50 pF, Ry = 200 kQ 2 Be Ht Ha fa a 
| uimits | : a 
emis wintry laa | | 2 TT 
Yop (V) Tye SE Hi ae aE bet 
7 ut i 
: oa 
325 [650 3 , set Ha 
Propagation Delay Time, tpyy_, tpLy 135 |270 Fy oo eae 
Decode Out 170 Ha 
600 
Carry Out 250 >, 92CS 2aS22 
60 Loan CAPACITANCE | cot 
! Fig. 10 — Typical transition time as a function 
200 of load capacitance. 





Transition Time, ttHL. tTLH 


Carry Out or Decode Out Line 1 


80 


— 


PROPAGATION DELAY TIME (tp, q.tpyy)—na 





es 



































Minimum Clock Inhibit o 10 20 30 40 50 60 670 8 690100 
to Clock Setup Time, ts LOAD CAPACITANCE {C) }— pF 92¢8-30945 
Fig. 11 — Typical propagation delay time as a 
function of load capacitance (clock 


to decode output). 
RESET OPERATION 





AMBIENT TEMPERATURE (Ta)* 25° 


Propagation Delay Time, tpy4,. tpLy 
Carry Out or Decode Out Lines 











Minimum Reset Pulse Width, ty 

















Minimum Reset Removal Time 





PROPAGATION DELAY TIME (tpi y.tpay)— 8 














* Measured with respect to carry output line. o 10 30 40 80 60 70 @ 90 100 
LOAD CAPACITANCE (CL) —OF og 
Let Fig. 12 — Typical propagation delay time as a 
‘Ss 5 ‘i 
function of load capacitance (clock 
to carry-out). 
cLocK 


i 





(Ty) 298C 





CLOCK | INPUT ty ty * 20n0 
INHIGIT | x 
RESET : / \ 


— ten 
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‘o) 





















POWER DISSIPATION (P, 


























eee PUT Lt LOAD CAPACITANCE 
LT] cy =i oF ~~ — [1] 
C1" S00F 
DECODE "oO" OR i] ou: asks Hl 
CARRY 
ouTPuT 
be 7 PRLH 92CS~- 30948 
DELAYS MEASURED GETWEEN SO % LEVELS ON ALL WAVEFORMS ' 10 to? 109 w* We 
INPUT CLOCK FREQ (fo, )— kz secs-30047 
Fig. 9— Propagation delay, setup, and Fig. 13 ~ Typical dyanamic power dissipation as a 
hold time waveforms. function of clock input frequency. 
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CD4017B, CD4022B Types 





Vss 
BeOS 27HOERE 


Fig. 14 ~ Quiescent-device- 
current test circuit. 





SIMA UN— 


92C5- 30950 


Fig. 17 — Dynamic power dissipation test circuit. 





Yoo 
iNPUTS 

NOTE 

Sa SEQUENTIALLY, 
LY, 

— TO BOTH Yop AND Veg, 
_— CONNECT ALL UNUSED 

INPUTS TO EITHER 

Yoo OF Vss 

Vss 
9205-27402 





Fig. 15 — input-leakage current. 


ALTERNATE COUT 
FOR N*2 TO1O 
faCLOCK +N 


IN DECODED | 0 DECODED. 
OUTPUTS OUTPUT 


92C$ -30949 


Fig. 18 — Divide by N counter (N 10) with N 
decoded outputs. 














~ ob-0.254 
102-0.254) 14 16 


(2.591-2.794) 


CD4017BH 


Dimensions in parentheses are in millimeters and 
are derwed from the basic inch dimensions as in- 
dicated. Grid graduations are in mits (10-3 inch). 
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92CS- 35064 


Yoo 
INPUTS. QuTPpuUTs 
Vin 
Soe + 
° 
Vie t 
NOTE 
Vss TEST ANY 
COMBINATION 
OF INPUTS 
92C$-27441R) 


Fig. 16 — Input-voltage test circuit, 


When the Nth decoded output is reached 
(Nth clock pulse) the S-R flip flop (con- 
structed from two NOR gates of the 

CD4001B) generates a reset pulse which 
clears the CD4017B or CD4022B to its zero 
count. At this time, if the Nt) decoded out- 
put is greater than or equal to 6 in the CD- 
4017B or 5 in the CD4022B, the Court line 
goes high to clock the next CD4017B or CD- 
4022B counter section. The “0” decoded 
output also goes high at this time. Coinci- 
dence of the clock low and decoded “0” 
output low resets the S-R flip flop to enable 
the CD4017B or CD4022B. {If the Nth de- 
coded output is less than 6 (CD4017B) or 5 
(CD4022B), the Coyt line will not go high 
and, therefore, cannot be used. In this case 
“Q" decoded output may be used to perform 
the clocking function for the next counter. 
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102-0.254) 
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See 


87-95, 
(2.210~2.413) 
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92CM-35062 


CD4022BH 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angie of 
Cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 


chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considera tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 














CMOS Presettable 
Divide-By-‘N’ Counter 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4018B types consist of 5 
Johnson-Counter stages, buffered Q outputs 
from each stage, and counter preset control 
gating. CLOCK, RESET, DATA, PRESET 
ENABLE, and 5 individual JAM inputs are 
provided. Divide by 10, 8, 6, 4, or 2 counter 
configurations can be implemented by 
feeding the Q5, G4, G3, G2, G1 signals, 
respectively, back to the DATA input. 
Divide-by-9, 7, 5, or 3 counter configura- 
tions can be implemented by the use of a 
CD40118 to gate the feedback connection 
to the DATA input. Divide-by functions 
greater than 10 can be achieved by use of 
multiple CD4018B units. The counter is 
advanced one count at the positive clock- 
signal transition. Schmitt Trigger action on 
the clock line permits unlimited clock rise 
and fail times. A high RESET signal clears 
the counter to an all-zero condition. A high 
PRESET-ENABLE signal allows information 
on the JAM inputs to preset the counter. 
Anti-lock gating is provided to assure the 
proper counting sequence. 


The CD4018B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


CD4018B Types 


Features: 
® Medium speed operation. - 10 MHz (typ.) at 
Vop = Vss =10V 
® Fuily static operation 
® 100% tested for quiescent current at 20 V ee 
® Standardized, symmetrical output characteristics ENABLE~2 


=5-V, 10-V, and 15-V parametric ratings 


®@ Maximum input current of 1 uA at 18 V over full package- 
temperature range; 100 nA at 18 V and 25°C 


® Noise margin (full package-temperature 
range) = 1VatVpp= 5V 
2 V at Vpp = 10 V 
2.5 V at Vpp = 15 V 
® Meets ali requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


TERMINAL DIAGRAM 
Top View 


PRESET ENABLE 
JAM 4 


le 
2 
3 
4 
5 
6 
7 
8 





92CS-24460 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
OC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 
DC INPUT CURRENT, ANY ONE INPUT . 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = ~40 to +60 C (PACKAGE TYPE E€) . 


For T, = +60 to +85°C (PACKAGE TYPE E) . 


CLOCK 


DATA 


RESET 


QUFFEREO OUT. 


gecs- 25074 


FUNCTIONAL DIAGRAM 


Applications: 

= Fixed and programmable divide-by-10, 9, 8, 
7,6, 5, 4, 3, 2 counters 

® Fixed and programmable counters greater 
than 10 

© Programmable decade counters 

® Divide-by-’N’”’ counters/frequency 
synthesizers 

® Frequency division 

= Counter control/timers 


é —0.5 10 +20 V 
-0.5to Yoo +0.5V 
+10 mA 


500 mw 


Derate Linearly a at 12 mw/ 7 to 200 mw 





For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 
For Ta, = +100 to +125°C (PACKAGE TYPES D, F, K) . 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Tat FULL PACKAGE-TEMPERATURE RANGE (Ali Package Types) . 
OPERATING-TEMPERATURE RANGE (T Al: 
PACKAGE TYPES D, F, K,H 
PACKAGE TYPE E : 
STORAGE TEMPERATURE RANGE T, 
LEAD TEMPERATURE (DURING nae 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm} from case for 10s max. 


500 mw 


Derate ‘Linearly at . 12 mwi? C to 200 mW 


100 mw 
55 10 +125°C 

40 to +85°C 
—65 to +150 C 


. +265°C 
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CD4018B Types 


RECOMMENDED OPERATING CONDITIONS at T, = 25°C, Untess Otherwise Specified 


For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 





CHARACTERISTIC 





Supply Voltage Range (at Ta = Full Package- 
Temperature Range) 


Clock Input Frequency, 





Clock Pulse Width, tw 





Clock Rise & Fall Time, tpCL,t¢CL 





Data Input Set-Up Time, ts 





Data Input Hold Time, 


Preset or Reset Pulse Width, 


Preset or Reset Removal Time 




















<p 


Qn 


au INPUTS PROTECTED 
BY COS/MOS INPUT 
PROTECTION NETWORK 


“Ede Ey 
Fa) 


92CM- 20732 


Fig. 2 — Detail of a typical stage. 
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CD4018B Types 


STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 


Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 





AMBIENT TEMPERATURE (Ta)= 25°C: 

















CHARAC.- 
TERISTIC 


CONDITIONS 


XTE-TO-SOURCE VOLTAGE (Vgs)*I5. 
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(Sink) Current] 0.5 | 10 | characteristics. 
fot Min. 
1.5 
ps fore is AMBIENT TEMPERATURE (Ta}=25°C ay 
4.6 ttt tteitt 
Output High FS t 
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fo) 3 [ey i 
High-Level, DRAIN- TO- SOURCE VOLTAGE (¥psi—V Se Bats 
VoH Min. Fig. 4 — Minimum output low (sink) current 
| 0.5.4.5 | characteristics. 





Input Low 
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Vit Max. 





ORAIN- TO- SOURCE VOLTAGE (Vps)—-Vv 





AMBIENT TEMPERATURE (Ta)-25: 


















































































































































































































































































































































































































































t 
Input High 4 
Voltage, 
fi = 
Vin Min. fr] 
€ 
3 
Input Current ry 
3 
NN Max. HI : 
. 
5 
a 
& 
> 
a 
32083 
Fig. 5 — Typical output high (source) current 
characteristics. 
ae AMBIENT TEMPERATURE (Ta)*25°C [~ 4H 
DRAIN re — oe : AMBIENT: TEMPERATURE (Tq )#25°C 
G . zi t 4 
AMBIENT TEMPERATURE (Tals 25°C : iL 
As xz 
GATE -TO-SQURCE VOLTAGE {¥gg}* -3 Vj t = & 
i 3 5 z EEE iH 
5 © 2 z: ea SanRRRnna 
4 = * 2 5Vq 
A = 5 3 FEET Spey VOLTAGE (Vo0)* © 
ss THY ¥ aa 
ve t 3 Ft ys iz 3 f- 
on z woe 1S a 1 
= = 3 t Fs 8 308 & 
: HEME EET & A f H lov 
ay PEE 3 Z eee Boon 
tt pasaseees x « NOY, je EE rf sv 
I HH & ts NY im 
+ ; HS £ 8 
1 TET eT? t i H 
i pagaees 2 HEH HET 
{ iy } as fr) 20 40 60 100 
i idl 2 30 rr oa oo 0G LOAD CAPACITANCE (C\)-pF 92¢8-29850 
; 92C3-2aszine _ LOAD CAPACITANCE (Cy )—pF 9205-24322 Fig. 8 — Typical propagation delay time as a 
Fig. 6 — Minimum output high (source) current Fig. 7 — Typical transition time as a function of function of load capacitance 
characteristics. load capacitance. (CLOCK to Q). 
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CD4018B Types 


DYNAMIC ELECTRICAL CHARATERISTICS at Tq = 25°C, Input t,,t, = 20 ns, 


Cy = 50 pF, Ry = 200 k2 


CHARACTERISTIC 


TEST CONDITIONS 





CLOCKED OPERATION 





Propagation Delay Time; 
tPLH: PHL 


Transition Time; 


tTHL'TLH 


= 
oOo 


LIMITS 








Maximum Clock Input 
Frequency, fei 


Minimum Clock Pulse Width, 
tw 


Clock Rise & Fall Time; 
teCLteCL 


Minimum Data Input Set-Up 
Time. ts 


Minimum Data Input Hold 
Time, ty 


Average Input Capacitance, C; | Any Input 


PRESET* OR RESET OPERATION 
Propagation Delay Time; 

Preset or Reset to 0 

tPLH: “PHL 


Minimum Preset or Reset 
Pulse Width, 


tw 
Minimum Preset or Reset 
Removal Time 


* At PRESET ENABLE or JAM Inputs. 


Yoo 
INPUTS QuTrUTS 
Vin 
= +, 
Yi . 
NOTE: 
Vs TEST ANY COMBINATION 
OF INPUT: 
92cs-27441R1 


Fig. 12 — Input voltage test circuit. 


~ = 
a} a 




















NOTE: 
MEASURE INPUTS 
SEQUENTIALLY, 


Ves TO BOTH Vop ANDO Veg: 


CONNECT ALL UNUSED 
INPUTS TO EITHER 
Yoo O Vss- 


e2c8- 274602 


Fig. 13 — Input current test circuit. 
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PROPAGATION DELAY Cpyustey n-ne 


= 
A 
£ 
3 
£ 
& 
F 
5 
z 
a 
3 
$ 
« 
E 
a 





AMBIENT TEMPERATURE (Ta)*25°C 





25V 
suppLy VOLTACE (Voo) 








» t 


Ty * 4 









































Oo) 20 40 % Ca 100 
LOAD CAPACITANCE (CUI~pF —azes-29089 


Fig. 9 — Typical propagation delay time as a 
function of toad capacitance 
(RESET to Q). 





20a yu Foe 


Seer 








x 


























2 oor 2 ca 2? fee0s* 468 at +685 
CLOCK FREQUENCY (fg.)-kHr  g2¢s-asesz 
Fig. 10 — Typical dynamic power dissipation 
as a function of clock input 


frequency. 





9tCS- 27401 RI 
ss 


Fig. 11 — Quiescent device 
current test circuit. 


| 






Navaun 
w 


o 


e2cs-29651 


Fig. 14 — Dynamic power dissipation test circuit. 
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CD4018B Types 


EXTERNAL CONNECTIONS FOR DIVIDE 










































































(“DATA™ INPUT TIED TO Qs FOR DECADE COUNTER CONFIGURATION?) BY 10, 9, 8 7, 6 5, 4, 3 OPERATION 
DIVIDE BY 10 as 
Dine ove Gn SUED carer 
N 
CLOCK DIVIDE BY 6 33 | para" REQUIRED 
DIVIDE BY 4 & 
RESET DIVIDE ay 2 a 
DIVIDE BY 9 
PRESET ~ Wz co4one 
a) i 
Jom) 1 t H CONNECTED BACK TO “DATA” 
| r (SKIPS "ALL-i's" STATE) 
i a5 } 
Jomge SEA ae ape | Gp Mes ge Meck le aie 4] type te ad ts STE RESETS 
ros DIVIDE BY 7 
Jamz DON'T CARE UNTIL “PRE px te SOUS 8 
nl 1 al t 
' : t t CONNECTED BACK TO “QATA" 
Jamg i (SKIPS “ALL- I's" STATE) 
Gane : 
Joms 
— DIVIDE BY 5 
Q) = = 1/2 C0408 _ 
a a 1 H 
a2 ‘ H CONNECTED BACK TO "DATA" 
= H (SKIPS "ALL: I's" STATE) 
= a iH 
C0) Sa OCR es OU mt cence COM OY ac mes ae (ct a le 
= DIVIDE BY 3 
04 ~ 12 cone _ 
S a \ 
as : | CONNECTED BACK TO “DATA” 
= t (SKIPS "ALL- I's" STATE) 
Q2 ! ' 
| Sey rey Sees = 
92SS-4148R2 92CS~ITOTIRG 


Fig. 16 — External connections for divide by 10, 9, 
8, 7, 5, 4, 3, 2 operation. 





CL 


85-93 
(2.159- 2.362) 











—! cL+7 
Le (0.108-0.284) 92C8-35270 
77-85 : 2 : 
Th956- 2.159) eee eer 
Dimensions and pad layout for CD40188, Fig. 17 — Example of divide by 7. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch). j 
The photographs and dimensions of each CMOS chip 
represent @ chip when it is part of the wafer. When the 
water is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
ditterent chips. The actual dimensions of the isolated 
chip, therefore, may ditter slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4019B Types 


CMOS Quad 
AND/OR Select Gate 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4019B types consist of four 
AND/OR select gate configurations, each 
consisting of two 2-input AND gates driving 
a single 2-input OR gate. Selection is ac- 
complished by control bits Kg and Kp. In 
addition to selection of either channel A or 
channel B information, the control bits can 
be applied simultaneously to accomplish 
the logical A + B function. 


The CD4019B types are supplied in 16-lead 
hermetic dual-in-tine ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
Packages (K suffix), and in chip farm (H 
suffix). 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


OC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) ............. 
INPUT VOLTAGE RANGE, ALL INPUTS ............+ 
DC INPUT CURRENT, ANY ONE INPUT ............- 


POWER DISSIPATION PER PACKAGE (Pp): 


For Tg = -40 to +60°C (PACKAGE TYPE E) ......... 
For Tp = +60 to +85°C (PACKAGE TYPE E) ......... 


For Ty = -55 to +100°C {PACKAGE TYPES D, F, K) 


For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 


PACKAGE TYPE Eo... . csc cece cnet ener env enne 






Features: 


® Medium-speed operation ..... 
spare tPHL =tpLyH= 60 ns (typ.) at C, =50 PF,Vpp =10V 
@ Standardized, symmetrical output characteristics 
= 100% tested for quiescent current at 20 V 
= 5-V, 10-V, and 15-V parametric ratings 
™ Meets all requirements of JEDEC Tentative Standard 
No. 13A, “Standard Specifications for Description of ‘B’ 
Series CMOS Devices” 
@ Maximum input current of 1 2A at 18 V 
over full package-temperature range; 100 
nA at 18 V and 25°C 
®& Noise margin (full package-temperature 
range)= 1Vat Vpp=5V 
2 Vat Vpp = 10 V 
2.5 V at Vop = 15 V 


9205-25036 


CbD4019B 
FUNCTIONAL DIAGRAM 





Applications: 
@ AND-OR select gating 
@ Shift-right/shift-left registers 
@ True/complement selection 
@ AND/OR/Exclusive-OR selection 
ate aie DA hese ean ea Sate, see Saale oF -0.5 to +20 V 
face sia gto fart factia  otesatarayahayese biareuae -0.5 to Vop +0.5 V 
widlwhled ip athaceia cutee Mate Salene we aa aeaeieait seen +10 mA 
bsaguatene to say enbnadSer dg: Soaie’ ahhynisioue: Poa eferacd decay tnacelne soir 500 mW 
nase eardlat Derate Linearly at 12 mW/°C to 200 mW TERMINAL DIAGRAM 
daielea RDO iw aw dabediaie Melee Ret eae Bye eS 500 mW 


Top View 


~40 to +85°C aa 
-65 to +150°C 8! 


D2*A2Ka +82 Kb 
DizAl Ka+8l Kb 


a4 —tt Yoo 
For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ....-.----.-2++-0000+- 100 mw a3 2 aa 
OPERATING-TEMPERATURE RANGE (Ta): F ae : ae aaerees 
PACKAGE TYPES D, F, K, H -55 to +125°C sets DS+A3 Ko-+B3 KD 
6 
7 
a 


STORAGE TEMPERATURE RANGE (Tstg) ..-------+- 


LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. 6.6... eee e eee teeters +265°C 


TRUTH TABLE 


1 
0 
1 
0 
0 
Q 
1 
1 
1 





X = Don't Care 





Vss Ko 





92CS-24461 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always within the following ranges: 


CHARACTERISTIC 


Supply: Voltage Range 





*2 @Q- 1 1 To 3 MORE (For Ty * Full Package 
Yoo ' 7 SIMILAR 
CIRCUITS. Temperature Range) 
*es @O- 
O *a2 @- —Orz i 
=e a ae 
Veg *al © Op, 
* BY chos" BROTESFION 
NETWORK *a @— 
9203-39272 


Fig. 1—Logic diagram. 
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STATIC ELECTRICAL CHARACTERISTICS 


CHARAC- 
TERISTIC 


Quiescent 
Device 
Current, lop 
Max. 


Output Low 
(Sink) 
Current 
lot Min. 


Output High 
(Source) 
Current, 


nN 
a 











'OH Min. 


Output Voltage: 





Low-Level, 
VoL Max. 


2 
a 
a 


Output Voltage: 
High-Level, 
VoH Min. 


=> 
a 


= 
ojo 


Input Low 
Voltage, 
vi L Max. 


Input High 


Voltage, 
Vin Min. 


DRAIN-TO-SOURCE VOLTAGE (Vps)~—V 





« 
€ 
a 
& 
3 
= 
z 
& 
“4 
§ 
2 
a 
8 
g 
. 
5 
a 
£ 
5 
é 





s2e$- 2032102 
Fig. § — Minimum output high (source) current 
characteristics. 





TRANSITION TIME (tTH_.tTLH)—A8 


AMBIENT TEMPERATURE (Ta)*25°C 


LOAD CAPACITANCE (C, J—pF 


load capacitance. 








92c8-20322 


Fig. 6 — Typical transition time as a function of 









CD4019B Types 
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‘ 

i} 

3 

a 
pee 
z 
in] 
g 
3 
= 
Zz 
2 
x 
& 
3 
e 
Fy 
a 
3 


‘io mA 


OUTPUT LOW {SINK} CURRENT {1, 


AMBIENT TEMPERATURE (Ta}*25 °C i 
“we 
ttrerttt : 
Bian 
Pte 


ce) 15 
ORAIN- TO-SOURCE VOLTAGE (Vps)—V 


Fig. 2 — Typical output low (sink) 
characteristics, 


tt 
HEAT 
et 
pzeae' 
Heasai thigacs 











HE 
i tt 


ae 











DRAIN- TO- SOURCE VOLTAGE (Vps)—V 
* 





9205 24 5ERD 


current 






205 -20319R 


Fig. 3 ~ Minimum output low (sink) current 





characteristics. 


ORAIN- TO-SQURCE VOLTAGE (VYps)—V 
=5 ~10 -5 








8 
OUTPUT HIGH (SOURCE) CURRENT(Z oW}— mA 


92C5- 2e32089 


Fig. 4 — Typical output high (source) current 




























































































































































































characteristics. 
AMBIENT TEMPERATURE (Ta) 25°C 

: “ = 
ri 
= HE } 
+ 
4 
z eereaears 
y : 

is tf t+ + t oi 
= se f + 
> f 0) 
s +: os t a oe ace (YOO: 
Bi SUPPLY 
E 100] 
3 10 ¥ 
5 15V 

° to 
































40 60 80 
LOAD CAPACITANCE (CLI—pF 


92cs-298e3 


Fig. 7 — Propagation delay time as a function 


of load capacitance. 
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CD4019B Types 
























DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 26°C, Input ty, te* 20 ns, CL =50 pF, CSJAMBIENT TEMPERATURE (Ta )=2 
Ry =200 kQ 
2 
Pag 2 
TEST é¢ 
CHARACTERISTIC CONDITIONS g oa 
.) 
z 
2 
Ed 
Propagation Delay Time; z 
"PL: tPHL 
t r) to? 103 104 108 
INPUT FREQUENCY (f1y)— kee 
s2cs-29084 


Transition Time; 


tTHL: tTLH Fig. 8 — Typical dynamic power dissipation 
as a function of input frequency. 


Input Capacitance, Ciy 
Kgand Ky 


Inputs 


















Yoo 
v \, 
po Ss ad 
tNPUTS 
° INPUTS. OUTPUTS INPUTS 
vss vin Yoo NOTE: 
+ MEASURE INPUTS 
~~ a One SEQUENTIALLY, 
Vie tl ss TO BOTH Vop AND Vg 
= CONNECT ALL UNUSED 
WPUTS TO EITHER 
: NOTE: Vo OF Vg: 
TEST ANY COMBINATION 
“es OF INPUTS Yss 
9208-2 744:Ri 9208-27402 
92CS-27401RI 
Fig. 9 — Dynemic power dissipation Fig. 10 — Quiescent device Fig. 11 — Input voltage test circuit. Fig. 12 — Input current test circuit. 
test circuit. current test circuit. 
TYPICAL APPLICATIONS 
“1B REGISTER “AY REGISTER 
(reciente Rae Cana As Fo Se aT ae: 7 SHIFT 
i wet tt ! RIGHT LEFT INPUT 
t et id t INPUT 
4 1 1 11 1 
1 1 is 
\coaoisa}on €G belo LSdsoIe OR EQUIV, | COEDTSB OR EOL Ko SHIFT 
Lert RIGHT 
SELECT SELECT 
r 
(Ke) i | SELECT 
SELECT ' ' “8 REGISTER 
wa" RECISTER | ‘ Rene 
t 1 cLocK 
‘ I 
t I 
H RIGHT 
{ \ SHIFT OUTPUT 
Hl LEFT 
Loup pen no fom = cuteut| —' coasize | on equiv. |  |.comotae on eouiv, _| 
out oT our out 
’ 2 3 4 92cs-29806 92cs-29807 
Fig. 13 — ANO/OR select gating. Fig. 14 — “Shift leftAhift right’’ register. 
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CD4019B Types 


TYPICAL APPLICATIONS (CONT’D} 










c040018 


ee rea eee | 


Sed ai oe JIS ae | 


ee 


(Kp) 
COMPLEMENT 
SELECT 





«{e] 


TRUTH TABLE 





92c$-29889 
out our our out 
4 2 3 ‘ g2cs-29808 
Fig. 15 — AND/OR Exctusive-OR selector. Fig. 16 — “True complement” selector. 


rohan 
i i : si fir 
eA 


ce) 
le) 
OL broist Bass 
(1.702-1.905) 


92CS-36092 





m . The photographs and dimensions of each CMOS chip 
Dimensions and pad layout for CD4019BH represent @ chip when it is pact of the water. When the 


water is seperated into individual chips, the angle of 

Cleavage may vary with respect to the chip face for 

. . - hi : . different chips. The actual dimensions of the isolated 
eppiewle ee Ee he. fe seid ae i iHlimeters ang chip, therefore, may differ slightly from the nominal 
are Oerived from the basic inch dimensions as in- dimensions shown. The user should considera tolerance 
dicated. Grid graduations are in mils (10-3 inch). of —3 mils to +16 mils applicable to the nominal 


dimensions shown. 
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CD4020B, CD4024B, CD4040B Types 


CMOS Ripple-Carry 


Binary Counter/Dividers 
High-Voltage Types (20-Volt Rating) 


CD40208 — 14 Stage 
CD4024B— 7 Stage 
CD4040B — 12 Stage 


RCA-CD4020B, CD4024B, and CD4040B 
are ripple-carry binary counters. All counter 
Stages are master-slave flip-flops. The state 
of a counter advances one count on the 
negative transition of each input pulse; a high 
level on the RESET line resets the counter to 
its all zeros state. Schmitt trigger action on 
the input-pulse line permits unlimited rise 
and fall times. Alt inputs and outputs 
are buffered. 


The CD4020B and CD4040B types are 
supplied in 16-lead hermetic dual-in-tine 
ceramic packages (D and F suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16- 
lead ceramic flat packages (K suffix), and in 
chip form (H suffix). 

The CD4024B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 
@ Medium-speed operation 
= Fully static operation 
® Buffered inputs and outputs 
= 100% tested for quiescent current at 20 V 
@ Standardized, symmetrical output characteristics 
@ Fully static operation 
® Common reset 
= 5-V, 10-V, and 15-V parametric ratings 
= Maximum input current of 1 uA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
@ Noise margin (over full package-tempera- 
ture range): 4 Vat Vpp =5V 
2 Vat Vpp = 10 V 
2.5 V at Vpp = 15 V 
= Meets all requirements of JEDEC Tentative 


Standard No. 13A, ‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 
® Control counters ® Frequency dividers 
= Timers @ Time-delay circuits 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vop) 
(Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 
DC INPUT CURRENT, ANY ONE INPUT . 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to.+85°C (PACKAGE TYPE E) 
For Ta = -55 to +100°C (PACKAGE TYPES D, F, K 


For T= +100 to +125°C (PACKAGE TYPES D, F, K) 


but AS See 8 —0.5 to +20 V 
1. . 0.5 to Vpp 10.5 V 
4 0 mA 


y 500 mW 

21 2 Derate Linearly at 12 mW/°C to 200 mW 
) Rte os 500 mw 
Derate Linearly at 12 mw/°c to 200 mw 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE. TEMPERATURE RA\ 

OPERATING-TEMPERATURE RANGE (Tal: 
PACKAGE TYPES D, F, K,H : : 
PACKAGE TYPEE . . 

STORAGE TEMPERATURE RANGE (Ts1q) 

LEAD TEMPERATURE (DURING SOLDERING): 


INGE {All Package Types) 100 mW 
—55 to +125°C 

—40 to +85°C 
—65 to +150°C 


At distance 1/16 + 1/32 inch (1,59 + 0.79 mm) from case for10smax. . . . - . + +265°C 


TERMINAL ASSIGNMENTS 


CD4020B 


Qi2 
Qs 
Qa 
Q6 
Q5 
a7 
a4 
Vss 


1 

2 
3 
4 
Ss 
6 
7T 
8 





‘TOP VIEW 
92C8-24462R) 


eT 
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CD4024B 





TOP VIEW 
NC = NO CONNECTION TOP VIEW 


92CS- 20747R2 


9208-24466R1 


INPUT 
PULSES 


14STAGE 
RIPPLE 
COUNTER 


12 BUFFERED OUTPUTS 





Vs 92CS.26063R2 
CbD4020B 
FUNCTIONAL DIAGRAM 





7 - STAGE 
RIPPLE 
CouNnTER 


7 BUFFERED OUTPUTS 


NC= 810,13 
Yss 


CD4024B S2CS-26051R4 


FUNCTIONAL DIAGRAM 


12-STAGE 
RIPPLE 
COUNTER 


12 BUFFERED OUTPUTS 





Vgg —-92CS- 29066R2 


C04040B 
FUNCTIONAL DIAGRAM 














CD4020B, CD4024B, CD4040B Types 


RECOMMENDED OPERATING CONDITIONS at Ta= 25°C, Untess Otherwise Specified 


For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges: 











Input-Pulse Frequency, 










Input-Pulse Width, 


5 140 
10 60 
15 40 
5 
10 Unlimited 






Input-Pulse Rise or Fall Time, try tp 










Reset Pulse Width, 






Reset Removal Time, 












* 
INPUTS 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


92c$~ 29049R2 


Vss 
Fig. 1 — Logic diagram for CD4020B. 





PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 





Yss 92c8-2908i8e 


Fig. 2 ~ Logic diagram for CD40248. 






* 
INPUTS 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


Vss 92C8-290szR2 


Fig. 3 — Logic diagram for CD4040B. 








*ON FIRST STAGE ONLY 


9208-29030Rp 


Fig. 4 — Detail of typical flip-flop stage. 

















OUTPUT LOW (SINK) CURRENT (Tp.) ~mA 





DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


92c5-2¢3100 


Fig. 5 — Typical output low (sink) current 
characteristics. 







































































AMBIENT TEMPERATURE (Tq)=25 °C 

< 
& 
i 
Sy 
Fy 
Ke GATE -TO- SOURCE VOLTAGE (Vgg)*I8V 
iz 
ec 
5 
io l 
Fi 
2 75} lov. 
= i 
3s 
: 
2 
5 25 3V. 
3 

°o 5 wn [J 


DRAIN-TO-SOURCE VOLTAGE (Vps)—-V 
92082431981 


Fig. 6 — Minimum output low (sink) current 
characteristics, 


ORAIN- TO- SOURCE VOLTAGE (Vpg)—V 
= =10 ~5 oO 








Ht 
GATE -TO-SOURCE VOLTa\ 


RCE) CURRENTIL ow) 





~t 
; 


v2cs-2eszoRy, 


Fig. 7 — Typical output high {source) current 
characteristics. 
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CD4020B, CD4024B, CD4040B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS | Values at -55, +25, +125 Apply to D, F, K, H Packages GATE ~TO-SOURCE VOLTAGE (Vgg)*-5 ¥. 
CHARACTER- Values at —40, +25, +85 Apply to E factage 
istic i 


ORAIN-TO-SOURCE VOLTAGE (Vps)—V 


-15, =k -5 ° 
AMBIENT TEMPERATURE (Ta)= 25°C 




















¥ A +-+ 101 
Quiescent Device Vv 


Current, 












































a 
GUTPUT HIGH (SOURCE) CURRENT(ZOH)—mA 




















Output Low | 04 | O5 | E 
Bint Gove [os faso ! 
tot Min. s2cs-zaazinz 
Fig. 8 ~ Minimum output high (source) current 
characteristics. 
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TRANSITION TIME ftTHL.tTUn)—ne 
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Fig. 9 — Typical transition time as a function of 
load capacitance. 
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Dimensions and Pad Layout for CD4020BH. Dimensions and 
pad layout for CD4040BH are identical. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10—3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when itis part of the wafer. When the 
wafer is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 











CD4020B, CD4024B, CD4040B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t,, te = 20 ns, 
Cy= 


50 pF, Ry = 200 k2 












LIMITS 


360 


[355] 










CHARACTERISTIC TEST 


CONDITIONS 


UNITS 
Typ. 


Vop 
(v) 


input-Pulse Operation 













Propagation Delay Time, ¢ to 
Q} Out; tpHL. tpLH 









Q, to Q, + 1; 
‘PHL: tPLH 







Transition Time, 
‘THL: tTLH 











Minimum Input-Pulse 
Width, ty 


alse 
Ae 





Input-Pulse Rise or Fall 
Time, trg. tig 


Unlimited 


~ 
a 










Maximum Input-Pulse 
Frequency, fg 















Input Capacitance, C Any Input 
t 


Reset Operation 















Propagation Delay 
Time, tpHL 











Minimum Reset Pulse 
Width, ty 






Reset Removal Time, 
‘REM 
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None Ls 
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Vie r 
NOTE: 
¥s5 TEST ANY COMBINATION 
OF INPUTS 
92¢8-2744iR1 
B2C5- 27401 
Fig. 13 — Quiescent device 
current test circuit. Fig. 14 ~ input voltage test circuits. 
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Fig. 10 ~ Typical propagation delay time as a 
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Fig. 12 — Dynamic power dissipation test circuit 


for CD40208. 
po 
(NPUTS 
Yoo NOTE 
G+ MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Vpp AND Vss; 


CONNECT ALL UNUSED 
INPUTS TO EITHER 


Vop OF Yss: 
vss 


a2cs- 2702 


Fig. 15 — Input current test circuit. 
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Fig. 11 — Typical dynamic power dissipation as a 
function of input pulse frequency for 
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CD4026B, CD4033B Types 


CMOS 


Decade Counters/Dividers 


High-Voltage Types (20-Volt Rating) 


With Decoded 7-Segment Display Outputs and: 


Display Enable — CD4026B 
Ripple Blanking — CD4033B 


The RCA-CD4026B and CD40338 each con- 
sist of a 5-stage Johnson decade counter 
and an output decoder which converts the 
Johnson code to a 7-segment decoded out- 
put for driving one stage in a numerical 
display. 

These devices are particularly advantageous 
in display applications where low power 
dissipation and/or low package count are 
important. 


Inputs common to both types are CLOCK, 
RESET, & CLOCK INHIBIT; common 
outputs are CARRY OUT and the seven 
decoded outputs (a, b, c, d, e, f, g). Addi- 
tional inputs and outputs for the CD4026B 
include DISPLAY ENABLE input and 
DISPLAY ENABLE and UNGATED “C- 
SEGMENT” outputs. Signals peculiar to the 
CD4033B are RIPPLE-BLANKING INPUT 
AND LAMP TEST INPUT and a RIPPLE- 
BLANKING OUTPUT. 

A high RESET signal clears the decade 
counter to its zero count. The counter is 
advanced one count at the positive clock 
signal transition if the CLOCK INHIBIT 
signal is low. Counter advancement via the 
clock tine is inhibited when the CLOCK 
INHIBIT signal is high. The CLOCK INHI- 
BIT signal can be used as a negative-edge 
clock if the clock line is held high. Antilock 
gating is provided on the JOHNSON counter, 
thus assuring proper counting sequence. The 
CARRY-OUT (C,,,¢) signal completes one 
cycle every ten CLOCK INPUT cycles and 
is used Yo clock the succeeding decade di- 
rectly in a multi-decade counting chain. 
The seven decoded outputs (a,b, c, d, e, f, g) 
illuminate the proper segments in a seven 


Features: 


= Counter and 7-segment decoding in one package 
@ Easily interfaced with 7-segment display types 
= Fully static counter operation: DC to 6 MHz (typ.) 


at Vpp=10 V 

@ Ideal for low-power displays 

® Display enable output (CD4026B) 

8 “Ripple blanking” and lamp test (CD4033B) 

= 100% tested for quiescent current at 20 V 

@ Standardized, symmetrical output 

characteristics 

@ 5-V, 10-V, and 15-V parametric ratings 

& Schmitt-triggered clock inputs 

= Meets all requirements of JEDEC Tentative 
Standard No.13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 

Applications 

® Decade counting 7-segment decimal 
display 

® Frequency division 7-segment decimal 
displays 

@ Clocks, watches, timers 
(e.g. +60, + 60, + 12 counter/display) 

® Counter/display driver for meter 
applications 





segment display device used for representing 
the decimal numbers 0 to 9. The 7-segment 
outputs go high on selection in the CD4033B; 
in the CD4026B these outputs go high only 
when the DISPLAY ENABLE IN is high. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


OC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) .......----- 


INPUT VOLTAGE RANGE, ALL INPUTS 


DC INPUT CURRENT, ANY ONE INPUT ......-..--- 


POWER DISSIPATION PER PACKAGE (Pp): 
For Ty = -40 to +60°C (PACKAGE TYPE E) 
For T, = +60 to +85°C (PACKAGE TYPE E) 


For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 








-0.5 to +20 V 
.-. 0.5 to Vpop +0.5 V 


ideas D8 gaye bd weve hia bis WET ONS See BESS a Siar +10 mA 


dec c eter ee encase eeeee eee eeneecesennene 500 mW 


eaten fbeaaioieloiare Wea Helgivies Sale adls guages ober aie le 500 mW 


For Ty) = FULL PACKAGE-TEMPERATURE RANGE {All Package Types) ....-.---.++eeeees 100 mW 
OPERATING- TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K,H 12... cece eee cere renee e nee e ner n ene neeneeere -55 to +125°C 

PACKAGE TYPE E ........---0+0-2 eee +. ~40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ..--- +. se eee eee eee ee +265°C 
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RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges: 


CHARACTERISTIC 
Suppty-Voltage Range (For Tp, = Full Package 
Temperature Range) 
fet 


Clock Input Frequency, 













Clock Pulse Width, 







Clock Rise and Fall Time, feu tect 







Clock Inhibit Set Up Time, 







Reset Pulse Width, 






Reset Removal Time 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 


CONDITIONS 
CHARACTER- 


istic 


Quiescent Device 
Current, 
DD Max. 








Output Low 
(Sink) Current 
for Min. 





Output High 
{Source} 
Current, 

JOH Min. 











Output Voltage: 
Low-Level, 
VOL Max. 


Output Voltage: 
High-Level, 
VOH Min. 











Input Low 
Voltage, 
Vit Max. 





input High 
Voltage, 
VIH Min. 





Input Current 
tin, Max. 





CD4026B, CD4033B Types 


CD4026B 

When the DISPLAY ENABLE IN is low the 
seven decoded outputs are forced low re- 
gardless of the state of the counter. Acti- 
vation of the display only when required 
results in significant power savings. This 
system also facilitates implementation of 
display-character multiplexing. 

The CARRY OUT and UNGATED “C- 
SEGMENT” signals are not gated by the 
DISPLAY ENABLE and therefore are avail- 
able continuously. This feature is a re- 
quirement in implementation of certain di- 
vider functions such as divide-by-60 and 
divide-by-12. 


CD40338 

The CD4033B has provisions for automatic 
blanking of the non-significant zeros in a 
multi-digit decimal number which results in 
an easily readable display consistent with 
normal writing practice. For example, the 
number 0050.0700 in an eight digit display 
would be displayed as 50.07. Zero suppres- 
sion on the integer side is obtained by con- 
necting the RBI terminal of the CD4033B 
associated with the most significant digit in 
the display to a low-level voltage and con- 
necting the RBO terminal of that stage to 
the RBI terminal of the CD4033B in the 
next-lower significant position in the dis- 
play. This procedure is continued for each 
succeeding CD4033B on the integer side of 
the display. 

On the fraction side of the display the RBI 
of the CD4033B associated with the least 
significant bit is connected to a low-level 
voltage and the RBO of that CD4033B is 
connected to the RBI terminal of the 
CD4033B in the next more-significant-bit 
position. Again, this procedure is continued 
for all CD4033B's on the fraction side of the 
display. 

In a purely fractional number the zero 
immediately preceding the decimal point can 
be displayed by connecting the RBI of that 
stage to ahigh level voltage (instead of to the 
RBO of the next more-significant-stage). 
For example: optional zero > 0.7346. 
Likewise, the zero in a number such as 763.0 
can be displayed by connecting the RB! of 
the CD4033B associated with it to a high- 
level voltage. 

Ripple blanking of non-significant zeros 
provides an appreciable savings in display 
power. 


The CD4033B has a LAMP TEST input 
which, when connected to a high-level volt- 
age, overrides normal decoder operation and 
enables a check to be made on possible 
display malfunctions by putting the seven 
outputs in the high state. 


The CD4026B- and CD4033B-series types 
are supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 
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current characteristics. 
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current characteristics. 





Fig. 4 — CD4033B timing diagram. 
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Fig. 5 — Detail of typical flip-flop stage for both types. 
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Fig. 8 — Typical p-channel output high {source} 
current characteristics, 











DYNAMIC ELECTRICAL CHARACTERISTICS at Tq = 25°C, Input t,, t¢= 20 ns, 
Cy = 50 pF, Ry = 200k2. 
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CD4026B, CD4033B Types 
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Fig. 9 — Minimum p-channel output high (source) 
current characteristics. 
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Fig. 10 — Typical propagation delay time as a 
function of load capacitance for 
decoded outputs. 
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Fig, 11 — Typical propagation delay time as a 
function of load capacitance for 
carry-out outputs. 
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Fig. 12 — Typical maximum clock input-frequency 


as a function of supply voltage. 














CD4026B, CD4033B Types 












AMBIENT TEMPERATURE (Tg)=25°C 
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TYPICAL DYNAMIC POWER DISSIPATION {i 


























CLOCK INPUT- FREQUENCY (tgp) — MHz 
Fig. 13 -- Typical power dissipation as a function 
of clack input frequency. 
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Fig. 14 — Dynamic power dissipation test circuit 





Tio 
WHERE Ve= FORWARD OROP ACROSS DIODE 


88 - 96 
(2.235 - 2.438) 





92C$-3i700R! 


Dimensions and pad layout for CD4026B. 


Oimensions in parentheses are in millimeters and 
are derived trom the basic inch dimensions as in- 


dicated. Grid graduations are in mils (10-3 


inch}. 
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Fig. 15 — Quiescent device current. 
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Fig. 17 — Input eurrent. 
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Dimensions and pad layout for CD4033B. 

The photographs and dimensions of h CMOS chip 
represent a chip when it is part of the wafer. When the 
water is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considera talerance 
of ~3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4026B, CD4033B Types 


INTERFACING THE CD4026B AND CD4033B WITH COMMERCIALLY AVAILABLE 
7-SEGMENT DISPLAY DEVICES* 
(Refer to RCA Application Note 1ICAN-6733 for detailed interfacing information) 


rc 


TOF? 
SEGMENTS 


‘a 
—_— 


17 Ca308t 
OR EQUIV. 















‘tT 








(MCANDESCENT READOUTS 
RCA Numitron DR2000 Series 
TUBE REQUIREMENTS 

Vr = 3.5-5V 
iy = 24 mA Segment 


\" 


ASSUMED 
TRANSISTOR ; 
CHARACTERISTICS @Veg = 10 V (min 


v,"0" < 2V 
Ip =a mA (min) 
VT=3SVTO6V 


cDaosoue 


Bde (min) 2 25 

Veg (sot) < 0.5¥ 
Vop = 8¥ (min.) 
1g + Vma (min.) 


CD4049UB 
Ip + Uma (min) @ Veg #10 (min) 
ve cosoeaue y v,"0" < 06¥ 
iy = BmA (min) 
LOW-POWER INCANDESCENT READOUTS ASSUMED 
PINLITES INC-Series O and A Vixe ovine) 
TUBE REQUIREMENTS —Vz{V)_ mA/Segment CHARACTERISTICS @Voc 
0-03-15 15 8 Bae (min) 30, Vo"0" $ 1¥ 
0-04-30 3 8 Veelse)s % ly = Sma (min,) 
0-06-30 3 8 + Veg 2 3.5 (min) ears tore G 
R-RI-20 2 43 1g 2 0.25 mA (min.) TALS VY TO3S 
R-R4-30 3 43 "TS 7.5 ma (min.) 


92CM- 31707 


* The interfacing buffers shown, while a necessity with the CD4026A and CD4033A, are not required when 
using the ’B” devices; the “B” outputs (* 10 times the “A” outputs) can drive most display devices 


directly especially at voltages above 10 V. 





Yoo Vy = i70¥ OC 
YOR? 
SEGMENTS. 
7 SEGMENTS 

NEON READOUT (NIXIE TUBE“) 

1. Alco Electronics — MG19 

2. Burroughs — 85971, 87971, 88971 

TUBE REQUIREMENTS Vy7iVdc) mA Segment 

Alco MG19 . 180 . 0.5 

Burroughs 85971. WO... . 3 

Burroughs B7971, 88971. 170 . 6 


4 (Trademark) Burroughs Corp. 
TRANSISTOR CHARACTERISTICS 
Leakage with transistor cutoff — 0.05 mA 


VIBRICER - >VT 


Bag (min.) > 30 92CS- 31710 


WITH Voy=!8V MEDIUM BRIGHTNESS 
IN LOW AMBIENT LIGHT BACKGROUND 
WILL RESULT. THE POINT OF NO 
NOTICEBLE GLOW IS Vorf ® 4.5V 











\.6V 


LOW VOLTAGE VACUUM FLUORESCENT AC OR OC 


READOUTS + 
1. Tung-Sol DIGIVAC S/G } Type DT1704A or DT1705C 
2. Nippon Electric (NEC); Type DG12E of LD915 

TUBE REQUIREMENTS: 100 to 300 #A/segment 

at tube voltages of 12 V to 25 V depending on 

required brightness Filament requirement 45 mA 

at 1.6 V, ac or de. 


$ (Trademark) Wagner Electric Co. 


92CS-317I1 
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CD4027B Types 


Features: 

CMOS Dual J-K met aed seals 

Master-Slave Flip-F lop ® Static flip-flop operation — retains state indefinitely 
with clock level either “high” or “low” 

High-Voltage Types (20-Volt Rating) = Medium speed operation — 16 MHz (typ.)} clock toggle 
rate at 10 V 

The RCA-CD40278 is a single monolithic © Standardized symmetrical output characteristics 

chip integrated circuit containing two iden- 7 

tical complementary-symmetry J-K master- = 100% tested for quiescent current at 20 V 

slave flip-flops. Each ftip-flop has provi- = Maximum input current of 1 uA at 18 V over 


sions for individual J, K, Set, Reset, and 


Clock input signals. Buffered Q and O 18 V and 25°C 
signals are pravided as outputs. This input- 
output arrangement provides for compatible ® Noise margin (over full package- 


Operation with the RCA-CD4013B dual D- 
type flip-flop. 

The CD4027B is useful in performing con- 
trol, register, and toggle functions. Logic 
levels present at the J and K inputs along 
with internal self-steering control the state 
of each flip-flop; changes in the flip-flop 
state are synchronous with the positive- 
going transition of the clock pulse. Set and 
reset functions are independent of the clock 
and are initiated when a high level signal is 
present at either the Set or Reset input. 


The CD4027B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix),16-lead ceramic flat 
packages (K suffix), and in chip form (H 





full package-temperature range; 100 nA at 


92cs-17e7a 


temperature range): 
1VatVpp= 5V 
2V at Vpop =10V 
2.5 Vat Vpp = 15 V 

5-V, 10.V, and 15-V parametric ratings 
Meets all requirements of JEDEC Tentative 
Standard No. 134, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Functional Diagram 





Applications: 





Registers, counters, control circuits 


suffix). 02 Yo 
MAXIMUM RATINGS, Absolute-Maximum Values: a a 
DC SUPPLY-VOLTAGE RANGE, (Vpp) RESET 2 cLocK: 
(Voltages referenced to Vgg Terminal) 2.0.0.0... cece eens nce teees eee eeeeneatennnes ~0.5 to +20 V cs a 
INPUT VOLTAGE RANGE, ALL INPUTS ...........00c eer ecteeenne tne e eee Pitan ee -0.5 to Vpp +0.5 V sere i 
DC INPUT CURRENT, ANY ONE INPUT ............0 0 0c cece eeeeen eens TE SRE aie Peteats veces E1IOMA Yss SETI 
POWER DISSIPATION PER PACKAGE (Pp): YOP view 
For Ta = -40 to +60°C (PACKAGE TYPE E) 0... ... cece cece cece nec ce eee enn e eee tenner anaes 500 mw 9208-24470 
For Ty = +60 to +85°C (PACKAGE TYPE E) ........0.0ee scene Derate Linearly at 12 mW/°C to 200 mW 
For T, = ~55 to +100°C (PACKAGE TYPES D,F,K) oo... cece ccc cece ence stn e eee tttnneeeeees 500 mW 
For it = +100 to +125°C (PACKAGE TYPES D, F, K) .......... Derate Linearly at 12 mW/°C to 200 mW TERMINAL ASSIGNMENT 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For Ty = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...........-00.es0eeee 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H -55 to +125°C 
PACKAGE TYPE E ........ cc cee eee eee . ~40 to +85°C 
STORAGE TEMPERATURE RANGE (Tgtg) «- -85 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 108 Max. .......ccc cece cee eae vae +268°C 
































LOGIC 1+ HIGH LEVEL 





LOGIC O+ LOW LEVEL 
aT EMEL CHANGE 


% DUNT CARE 


92CM~ Z755iR1 


* ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


ss 


Fig.1 — Logic diagram and truth table for CD40278 {one of two identical J-K flip flops). 
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CD4027B Types 


RECOMMENDED OPERATING CONDITIONS at T, = 25°C, Except as Noted. 


For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 


OUTPUT LOW (SINK) CURRENT (Ip) ~mA 


Supply-Voltage Range 
(For Ta = Full Package Temperature Range) 





° 5 0 6 


DRAIN-TO-SOURCE VOLTAGE (Vos)—V s2cs-2a910n 


Data Setup Time Fig.2 — Typical output low (sink) 
current characteristics. 


Clock Pulse Width 


< 
E 
' 
iz 
S$ 


Clock Input Frequency (Toggle Mode) fet 


Clock Rise or Fall Time t,CL*, t¢CL 


QUTPUT LOW (SINK) CURRENT (1 


Set or Reset Pulse Width 





DRAIN-TO-SOURCE VOLTAGE (Vp3)—V 

























































































































































































szcs-zesive 
If more than one unit is cascaded in a parallel clocked operation, t,;CL should be made less 
than or equal to the sum of the fixed propagation delay time at 19 pF and the transition Fig.3 — Minimum output tow {sink} 
time of the output driving stage for the estimated capacitive load. current characteristics. 
ORAIN- TO-SOURCE VOLTAGE (Vps)—¥ DRAIN-TO-SOURCE VOLTAGE (Vosi—v 
-15 ~~ ~$. oO 
AMBIENT TEMPERATURE (Ta)=25°C 1078 peat ee Ue hat (Ta hae = 
4 ty 1 
i GATE -TO- SOURCE VOLTAGE (Vgg)*-5 V é : { bore I 
= XJ 
E5 z = 105 yt tt 
2 8 Mcgee s sae 
5 | oe HEH eres “} 
= lua 2 + 
§ 5 ie 2 
hi -10V) 2 me et 
fy at - HOS & 6 
« 3 g ic 4 = 
3 $44 + 2 jo 
& <tr 2 eB 2 
ae xX i 
; 215.v af A 5 7 
Fy : 5 af 
i . 2 
3 t 2 ' i" 
a Fare 
92¢$- 2432089 gaan — 
: ; . : ; 928-24 32002 IN = iz 92CS-36475 
Fig.4 — Typical output high lsource)} Fig.5 — Minimum output high {source} : Se, 
current characteristics. current characteristics. Fig.6 — Typical power dissipation vs. frequency. 
Yoo 
Yoo 
INPUTS ouTPUTS 
PUTS 
ve NOTE vim 
‘0D +, 
oeG)> MEASURE INPUTS ~~ 
° SEQUENTIALLY, Vie S 
Vss TO BOTH Vop AND Ves; = 
Seure x ALL UNUSED NOTE: 
INPUTS TO EITHER A 
TEST ANY ONE INPUT, 
Yoo OR Ves Vss WITH OTHER INPUTS AT 
ss Yoo OR Vss- 
2CS- 27002 92CS~ 27400R1 ‘92C5- 27401R! 
Fig.? — input current test circuit. Fig.g — Input-voltage test circuit. Fig.9. ~ Quiescent device current test circuit. 
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CD4027B Types 


STATIC ELECTRICAL CHARACTERISTICS 


















CHARAC- 
TERISTIC 


° 
° 
2 
=] 


(TION 


a 
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2s 
2g 
S| 
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alo 
w/2 
ad Da 
oo] @ 
3 
> 


s 






S 
ra) 
NS . 






Quiescent 
Device 
Current 

! DD Max. 

Output Low 




















(Sink) 

Current, 

lo, Min. 34] 68 | — | 
Output High ~0.51{  -1 






(Source) 
Current, 
Jon Min. 











ego 
#4 
Boe 









Output Volt- 
age: 
Low-Level, 
Vo Max. 

Output Volt- 
age: 

High-Level, 

Von Min. 


_ 
ak 
a 













= _ 
oa a 
ed 





Input Low 
Voltage, 
Vit Max. 


Input High 
Voltage, 
Vin Min. 


Input 
Current, +0,1 | +0.1 +1 +1 
lin Max. 






















Dimensions in millimeters are derived trom the basic inch dimensions 
as indicated, Grid graduations are in mils (10—9), 


The photographs and dimensions of each CMOS chip 
fepresent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 

60-68 cleavage may very with respect to the chip face for 
(1.524-1,727) different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 





| 2 a + 
a. je—— 4-10 
Wioz-0.254) 
Te. Dimensions and Pad Layout for CD4027BH 


92CS-35059 
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CD4027B Types 







































Propagation Delay Time: 
Clock to Q or O Outputs 


tPHL- tPLH 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C; Input t,, te = 20 ns, x AMDIENT. TEMPERATURE (Tal 20 ¢ 
Cu = 50 pF, Ru = 200 k2 i 
LIMITS 3 
= ob 
CHARACTERISTIC Vop All Packages UNITS ’ : SE oe OR) S 
(v) Typ. [ Max. | x * i 
: 








- Ww 
$88 


5 300 
=_ LOAD CAPACITANCE {CL)— pF 
Set to Q or Reset to 0 tPLH 10 130 s2cs-27852 
15 90 Fig.10 — Typical propagation delay time vs. 


load capacitance (CLOCK or SET 
to Q, CLOCK or RESET to Q. 









Set to O or Reset toQ tpyy, 





Transition Time = tpyi. tTLH 


8 













Maximum Clock Input 
Frequency# (Toggle Mode) 
fei 


16 


A 
3 
z 
2 
= 
y 
2 
= 
8 
3 


Minimum Clock Pulse Width ty 





LOAD CAPACITANCE (C,)— pF 


92CS-27593 
Minimum Set or Reset Pulse ; : t 
Width Fig.1 1 ~ Typical propagation delay time vs. 
e ‘w load capacitance (SET to Q or 


RESET to Q). 


Minimum Data Setup Time ts 





AMBIENT TEMPERATURE (Ta]=25°C 
teyte® Sas 
Sy *500F 























Clock Input Rise or Falt Time 
GCL: HCL 


Input Capacitance Cy 


# Input t,, te = 51s. 
































= w 





: 









































CLOCK FREQWENCY (fc, }—~ MHz 
a 








10 15 2 
SUPPLY VOLTAGE (Vpp)—V 
92CS -26392R2 
Fig.12— Typical maximum clock rrequency vs. 
supply voltage (toggle mode). 





92Cs-36061 


Fig. 13—-Dynamic power dissipation test 
circuit. 
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CD4028B Types 
CMOS 


BCD-to-Decimal Decoder 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4028B types are BCD-to- 
decimal or binary-to-octal decoders consist- 
ing of buffering on all 4 inputs, decoding- 
logic gates, and 10 output buffers. A BCD 
code applied to the four inputs, A to D, 
results in a high fevel at the selected one of 
10 decimal decoded outputs. Similarly, a 
3-bit binary code applied to inputs A through 
C is decoded in octal code at output 0 to 7 
if D= "0", High drive capability is provided 
at all outputs to enhance dc and dynamic 
performance in high fan-out applications. 


The CD4028B-Series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
tlat packages (K suffix), and inchip form (H 
suffix). 


© | > q > 








* ALU INPUTS ARE PROTECTED 


BY COS/MOS PROTECTION 
NETWORK, 


‘ss 


MAXIMUM RATINGS, A bsolute-Maximum Values: 


OG SUPPLY -VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) ................ 


INPUT VOLTAGE RANGE, ALL INPUTS ... 


DC INPUT CURRENT, ANY ONE INPUT ................ 


POWER DISSIPATION PER PACKAGE (Pp): 


For T, = 40 to +60°C (PACKAGE TYPE E) ........... 





For T, = +80 to +85°C (PACKAGE TYPE E) ..., 
_ For T, = -65 to +100°C (PACKAGE TYPES D, F, 


For Tg = +100 to +125°C (PACKAGE TYPES D, F, K) 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


8 
i 


Fig. 1 — Logic diagram. 











Features: 


™ BCD-to-decimal decoding or binary-to-octal decoding 
™ High decoded output drive capability 
® “Positive logic” inputs and outputs. . . . Byreene® 


ocr. 
DECODED 


atin decoded outputs go high on selection OUTPUTS 
@ Medium-speed operation. .. . Ngee 
teHL- teLH= 80 ns typ.) @ Vpp =10V 

§ Standardized, symmetrical output characteristics 
= 100% tested for quiescent current at 20 V 
® Maximum input current of 1 2A at 18 V 

over full package-temperature range; 

100 nA at 18 V and 25°C 
™ Noise margin (over full package- 

temperature range): 

1Vat Vop = 5V 
2 Vat Vop = 10V 

2.5 V at Vop = 15 V 
= 5-V, 10-V, and 15-V parametric ratings 
® Meets all requirements of JEDEC 

Tentative Standard No. 13A, “Standard 

Specifications for Description of ‘8’ 

Series CMOS Devices” 
Applications: 
™ Code conversion _—_& Indicator-tube decoder 
® Address decoding—memory selection control 


> (30 
4)s 


@e Top View 
TERMINAL DIAGRAM 


C6OF 100 


CD40288 
FUNCTIONAL DIAGRAM 





AMATO N& 
BYRFEaUNE 





< 
a 


9205-20471 


€ 
VV 


V 
@ 


re 


W/W 
Q 


TABLE | — TRUTH TABLE 














a 
p—d @7 o000/1000000000 

= P 0001/0100000000 
L>—@s oo1ojo0t0000000 
0o011/0001000000 

ap; 1>—O» 0100l0000100000 
0101lf0000010000 

pena 01100000001 000 
011110000000100 

1000l0000000010 

1o01lo000000001 

10101l0000000000 

i Ba patagasiaeed 5 henry oni alee Pate er a to1tlo00000000 
Sudueie aonb keene crs +10mA 1100/0000000000 
T190T1/0000000000 

Serre peas lieadial MMO aca ne 'itojoaoooo0oa00n0d 
yeamnneeceh ise ica ee 500 mW tirijooo00000000 

Pease e Ou sak Deas Derate Linearly at 12 mMW/C to 200 mw \ = HIGH LEVEL 0 = LOW LEVEL 


For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............00ccseceaueeveees 100 mW 


OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H 






- “55 to +125°C 


PACKAGE TYPE E ..... 00... cece ce cece eee +. 740 to +86°C 
STORAGE TEMPERATURE RANGE (Tstg) -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. 12... 6... cece cece eve cee eeerecees +266°C 
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RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that 
operation is atways within the following ranges: 


CHARACTERISTIC 


Supply-Vottage Range 


(For Ty = Full Package 
Temperature Range) 









LIMITS AT INDICATED TEMPERATURES (°C) __ 
Values at -55, +25, +125 Apply to D, F, K, H. Packages 
Vaiues at —40, +25, +85 Apply to E Package 


+25 












CHARACTER- 
ISTIC 























Quiescent Device 
Current, 





r 
> 





Ouputow [oa [ost s [ose] 
(Sink Curent [os [or0[ 10] 18 | 18 
touMin’ [as fortis [42 | 
Output High 
(Source) 
Current, 

10H Min. 





Output Voltage: 
Low-Level, 





Output Voltage: 
High-Level, 














Input High 
Voltage, 
Vil Min, 





id 





Lee 
=U 
2s 
Zo 
a ¢ 
xo 
3S 
2 
ir 
B 
it 
(2 
be 
& 
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Ss 
on 
ts 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tq = 25°C, C, =50 pF, 
Input t,,te = 20 ns, Ry = 200 k2 


TEST CONDITIONS LIMITS 
CHARACTERISTIC 


UNITS 
Propagation Delay Time: 5 


175 350 
‘PHL: TPLH 











10 80 160 
120 










Transition Time 
TTHL: 'TLH 


Input Capacitance, Cy yy 





CD4028B Types 





AMGIEWT TEMPERATURE (Tale2sec [Tir ttt 
tHetite THT Ty: 



















































OUTPUT LOW (SINK) CURRENT [Ip))— mA 


oe 
o 
* 








5 iS 
ORAIN-TO-SOURCE VOLTAGE (VpsI—~V 


Fig. 2 — Typical output low (sink } 
current characteristics. 
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GATE ~ TO- SOURCE VOLTAGE (vgs) 


atte 


be lt 
Bt 2 cel et tel te ee 
sce ter eT EEL ET 
Y tamet il RET HT Ee EE 


eettill 


DRAIN-TO-SOURCE VOLTAGE (Vpsi--V 











2 


DUTPUT LOW (SINKI CURRENT (Io)) — ma 











tet at 
Fig. 3 — Minimum output tow sink} 
current characteristics. 
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wo 70 BO 90100 


20 Ry 40 50 60 
LOAD CAPACITANCE {Cy )— pF 
9208-29411 
Fig. 4 ~— Typical propagation delay time as 
a function of load capacitance. 


ORAIN- TO- SOURCE VOLTAGE {V¥pg)—V 
-10 < 








= 
AMBIENT TEMPERATURE (Ta)=25 °C: 

















OUTPUT HIGH (SOURCE) CURRENTIL QW)— mA 








Fig. 5 — Typical output high (source) 
current characteristics. 
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CD4028B Types 


TABLE Ii — CODE CONVERSION CHART 


ole 


Q 
0 


OUTPUT NUMBER 





So} o|o 


Y 
8, 
bts 
|__[ofo| 
mao 
Lo [2{2] 
[3 [3] | 
[4 fal | 
re 
[4] 
[27 TY 
| 
| | [5] 
19 | [el 
| {s! | 
[5 [ey | 
| 6 |7)7] 
| 8 [ala 
[7 [sf9) 


TRANSITION TIME (irHL.tTLHI—ne 


20 Bd 60 0 00 
LOAD CAPACITANCE (C,)—9F 


92c8-2es2e 


Fig. 8 — Typical transition time as a 
function of load capacitance. 


Yoo 


500 pF 

















92CS-29416 


Fig. 10 — Dynamic power dissipation 
test circuit. 








Yoo 
INPUTS 
Yoo NOTE 
S(t = MEASURE INPUTS 
° SEQUENTIALLY, 
ss TO BOTH Vpp AND Vsg; 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Yop OR Vg 
Vss 


9205-27402 


Fig. 9 — Input current test circuit. 


Yoo 
INPUTS OUTPUTS 
Yin 
Soe ‘ 
. 2 
Yow 
NOTE 
Vss 


TEST ANY COMBINATION 
OF INPUTS 


92C$-274@1AL 


Fig. 11 — Input voltage test circuit. 





cs 27401R1 
Fig. 12 — Quiescent device current 
test circuit. 


ORAIN-TO-SOURCE VOLTAGE (Yps)—V 
=15 


AMBIENT TEMPERATURE {Ta}: 25° 
Ht 





OUTPUT NIGH (SOURCE) CURRENTILoH)— mA 






a2c3-zaz2in2 
Fig. 6 — Minimum output high {source} 


current characteristics. 





2 460 ,2 468 
wt wo 


10 U 
INPUT FREQUENCY (f)—kHe. 
e2cs-20012 


Fig. 7 — Typical dynamic power dissipa- 
tion as a function of input 
frequency. 


TYPICAL APPLICATIONS 


INPUTS 


V6 coa0es8 


























a 8 c 
cosoze8 cosozan 
o12345 6769 O+'es456709 
ITTTTT yt" TTT 
o1234567 B29 ONIZM 
16 OUTPUTS 





@ace- Reais 


Fig. 13 — Code conversion circuit. 


The circuit shown in Fig.13 converts any 4- 
bit code to a decimal or hexadecimal code. 
Table 2 shows a number of codes and the 
decimal or hexadecimal number in these 
codes which must be applied to the input 
terminals of the CD4028B to select a partic- 
ular output. For example: in order to get a 
high on output No. 8 the input must be 
either an 8 expressed in 4-Bit Binary code, a 
15 expressed in 4-Bit Gray code, or a 5 ex- 
pressed in Excess-3 code. 
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9 
tO ° 

sco JCO-4 © 
INPUTS < 4 _| coso26e 2 
so] 2 

3 





“ (Trademark) Burroughs Corp. 





CD4028B Types 


TUBE REQUIREMENTS 






aN COD GON 
Burroughs 8408! 170 $14 
64336718 vO 
Ba032 


34021 
TRANSISTOR CHARACTERISTICS 
Leanage wth trantistor cutolt 0. 05mAa 
Maarcea << 20V 


92cs- 29413 


Fig. 14 — Neon readout (Nixie Tube“) display application 


INPUTS 









INHIBIT 
NO SELECTION! 


coaozeB 
0123456789 

























































¢D4028B 
0123456789 





cosoz88 
9--------9 







01234567 e- 
#176 CD40698 








@4---- 27 Ey 32-----39 40-~--- 













ABC [aec aac 
cpa0z8B cpaoze8 040288 
Ov------ Q----~--9) 







° aac 0 
c040268 


o- ~-----+ 9 








4a ------58 56 ------63 





64 OUTPUTS(SELECTED OUTPUT (S HIGH) 


s2cu-29415 


Fig. 15 — 6-bit binary to 1-of-64 address decoder. 


ie] 


4-10 
(0-102-0.254) 73-81 
(1.855-2.057} 


92CS-35058 





CD4028BH 
DIMENSIONS AND PAD LAYOUT 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (1 0-3 inch}. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the water. When the 
water is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mits applicable to the nominal 
dimensions shown. 
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CD4029B Types 


CMOS Presettable 
Up/Down Counter 


Binary or BCD-Decade 
High-Voltage Types (20-Voit Rating) 


The RCA-CD4029B consists of a four-stage 
binary or BCD-decade up/down counter with 
provisions for look-ahead carry in both 
counting modes. The inputs consist of a 
single CLOCK, CARRY-IN (CLOCK EN- 
ABLE), BINARY/DECADE, UP/DOWN, PRE- 
SET ENABLE, and four individual JAM sig- 
nals. Q1, Q2, Q3, 4 and a CARRY OUT 
signal are provided as outputs. 


A high PRESET ENABLE signal allows 
information on the JAM INPUTS to preset 
the counter to any state asynchronously with 
the clock. A tow an each JAM tine, when the 
PRESET-ENABLE signal is high, resets the 
counter to its zero count. The counter is 
advanced one count at the positive transition 
of the clock when the CARRY-IN and PRE- 
SET ENABLE signals are low. Advancement 
is inhibited when the CARRY-IN or PRESET 
ENABLE signals are high. The CARRY-OUT 
signal is normally high and goes tow when 
the counter reaches its maximum count in 
the UP mode or the minimum count in the 
DOWN mode provided the CARRY-IN sig- 
nal is low. The CARRY-IN signal in the low 
state_can thus be considered a CLOCK 
ENABLE. The CARRY-IN terminal must be 
connected to Vgg when not in use. 





Binary counting is accomplished when the 
BINARY/DECADE input is high; the counter 
counts in the decade mode when the BI- 
NARY/DECADE input is low. The counter 
counts up when the UP/DOWN input is 
high, and down when the UP/DOWN input 
is low. Multiple packages can be connected 
in either a parallel-clocking or a ripple- 
clocking arrangement as shown in Fig. 17. 


Parallel clocking provides synchronous con- 
trol and hence faster response from all 
counting outputs. Ripple-ciocking allows for 
longer clock input rise and fall times. 


The CD4029B-series types are supplied in 
16-lead ceramic dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


CD4029B Termina! Diagram 





“PRESET ENABLE 1e Yoo 
04 —12 cLocK 
JAM 4 3 Q3 
JAM I 4 JAM 3 
CARRY IN 5 JAM 2 
Qu 6 a2 
CARRY OUT 7 UP/DOWN 
Yss 8 BINARY/ DECADE 
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Features: 
@ Medium-speed operation ... 8 MHz (typ.} 
@ C, = 50 pF and Vpp-Vss =10V 
= Multi-package paraltel clocking for synchronous 
high speed output response or rippte clocking 
for slow clock input rise and fall times 
“Preset Enable” and individual “Jam” inputs provided 
Binary or decade up/down counting 
BCD outputs in decade mode 


5-V, 10-V, and 15-V parametric ratings 
Standardized, symmetrical output charac- 
teristics 
= Maximum input current of 1 uA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
Noise margin {over full package-tempera- 
ture range) 
1VatVpp= SV 
2 Vat Vpp=10V 
2.5 V at Vpp = 18 V 
@ Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


i 

a 

es 

= 100% tested for quiescent current at 20 V 
s 

s 


Applications: 

® Programmable binary and decade 
counting/frequency synthesizers-BCD output 

® Analog to digital and digital to 

analog conversion 

Up/Down binary counting 

Magnitude and sign generation 

Up/Down decade counting 

Difference counting 


RECOMMENDED OPERATING CONDITIONS at T, = 25°C, Except as Noted. For maximum 
reliability, nominal operating conditions should be selected so that operation is always within the 


following ranges: 


CHARACTERISTIC 


| BUFFERED 
OUTPUTS 


Ve 
* 92CS-I7I90R3 


Cp40298 
FUNCTIONAL DiAGRAM 








Supply-Voltage Range (For T, = Full Package- 
Temperature Range) 


Setup Time tgy: 
Carry-In 





U/D or B/D 


Clock Pulse Width, ty 





Preset Enabte Pulse Width, tw 





Clock Input Frequency, fer 





Clock Rise and Fat! Time, t,CL, {CL 














MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) 20.2.0... -.-cee ees ee ene ee renee tereeecerenense -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALLINPUTS .......-... cece recente eee rete ee ences -0.5 to Vo +0.5 V 
OC INPUT CURRENT, ANY ONE INPUT ........6 0... cece tere e rene ener e renee eet eesenenee +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to +60°C (PACKAGE TYPE E) ...-. eee eee ener e eee e teen eet eres neenes 500 mW 

For T, = +60 to 85°C (PACKAGE TYPEE) .........--++-- Derate Linearly at 12 mW/*C to 200 mW 

For T, = -55 to +100°C (PACKAGE TYPES D, F, K) ..-..0-.sse eer eeecsere rece sneer ease ees 500 mW 

For T, = +100 to +125°C (PACKAGE TYPES D, F, K) ....... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .........--..+-+++ 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K,H oo... eee c cere eee eee ter renee nent rene tes eeneeenrans -55 to +125°C 

PACKAGE TYPE E 221... cece cee tenet nee teen nett e tenn ee een eeeneneee ~40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) «+--+ 00s see ese eee ec erste erste reese ree eee -85 to +150°C 
LEAD TEMPERATURE (DURING SOLOERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ..... 6... eee eee eee e ee +265°C 


STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 


Values at -55, +25, +125 Apply toD, F,K,H Packages 
Values at ~40, +25, +85 Apply to E Package 
+25 
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Fig. 1 — Typical output low (sink) current 
characteristics. 
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Fig. 2— Minimum output low (sink) current 
characteristics. 
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Fig. 3 — Typical output high (source) current 
characteristics. 
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Fig. 4 — Minimum output high (source) current 
characteristics. 
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* ALL INPUTS ARE PROTECTED 
NETWORK 


€ 
g 
2 
cf 
ow 2 
& es 
on 1 
vo 
go 
$ 2 
eK 


Yss 





X=DON'T CARE 


40 CJ 


LOAD CAPACITANCE (Cy )— pF 


Eo) 


9208-29719 


ig. 6 — Typical propagation delay times as a func- 


tion of load capacitance (Q autput). 
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Fig. 10 — Timing diagram-binary mode. 
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CONTROL Losic | 
INPUT [Hever ACTION 
BIN/OEC. t BINARY COUNT 
[ (B70) | decane count 
UP/DOWN 1 UP COUNT a 
(u/0) ° DOWN COUNT 
4 _ 
PRESET ENABLE | | JAM IN 
Pl ° NO JAM | 
NO COUNTER 
ADVANGE AT POS, 
SARA CE) \ CLOCK TRANSITION 
(CLOCK ENABLE] { 0 ADVANCE COUNTER 
AT POS. CLOCK 
TRANSITION 
92CL-28675RI 


Fig. 9 — Logic diagram (contd). 
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CD4029B Types 


“up/ DOWN" 
| Yoo | 
“CLOCK DOWN” 
“CLOCK” 
| tco4on | 
[. ouao 2 Input NAND GATE | 
92CS-ITI95RE 


Fig. 11 ~ Conversion of clock up, clack down 
input signals to clock and up/down 
input signals. 

The CD4029B CLOCK and UP/DOWN inputs 
are used directly in most applications. In 
applications where CLOCK UP and CLOCK 
DOWN inputs are provided, conversion to 
the CD4029B CLOCK and UP/DOWN inputs 
can easily be realized by use of the circuit 
in Fig. 11. 


CD4029B changes count on positive transi- 
tions of CLOCK UP or CLOCK DOWN 
inputs. For the gate configuration shown 
below, when counting up the CLOCK DOWN 
input must be maintained high and conversely 
when counting down the CLOCK UP input 
must be maintained high. 
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CD4029B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t,, ty = 20 ns, 
Cy = 50 pF, Ry = 200 kQ 







TEST CONDITIONS 


4 
a 





CHARACTERISTIC 





F 
Ei 
F| 






Clocked Operation 





Propagation Delay Time: tPpHL. tPLH 
Q Output 






Carry Output 










Transition Time: trou tTtH 
Q Outputs, Carry Output 











Minimum Clock Pulse Width, — tw 





Clock Rise & Fall Time, 





tCL, Cu ** 







Minimum Setup Times, ts ‘ 
B/D or U/D 






Maximum Clock Input Frequency, fer 


Input Capacitance, Cin 


; Propagation Delay Time: tPHL- tPLH 
Q Outputs 









es 













Carry Output 










Minimum Preset Enable Pulse Width, tw 


Minimum Preset Enable Removal 
Time, t 





E 
4) 
~ 
E 





* 
rem 












Propagation Delay Time: PHL: tPLH 
Carry Output 


| 






Min. HOLD Time 
ty *** Carry In 







t 






Min Set-Up Time 
to*** Carry In 






= 
si~w 


* From Up/Down, Binary/Decode, Carry In, or Preset Enable Control Inputs to Clock Edge, 

** 11 more than one unit 1s cascaded in the parailel clocked application, 1,CL should be made tess than or 
equal to the sum of the fixed Propagation delay at 15 pF and the transition time of the carry output 
Griving stage tor the estimated capscitive load. This measurement was made with a decoupling capacitor 
(>1 uF) between Vop and Vgc. **#E rom Carry In to Clock Edge 
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Fig. 13 — Power dissipation test circuit. 
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Fig. 14 — Quiescent-device current test circuit. 
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NOTE: 
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Fig. 15 — Input voltage test circuit. 


INPUTS 

Yop NOTE 
Se-G> MEASURE INPUTS 

° SEQUENTIALLY, 

Vs TO BOTH Von AND Vgg; 
CONNECT ALL UNUSED 
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Yop OR Vgg- 


Yss 
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Fig. 16 — Input current test circuit, 
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"PARALLEL CLOCKING” 
UP/DOWN >- 











+4 


PRESET > 
ENABLE 








UP/D PE 





Ye dy lg Ja Jz dq 











o ine &. 





cb4029 


CL Q Q 03 4 








cLocK >——— > 
BINARY/ 
DECADE = 





* TARRY OUT lines at the 2nd, 3rd, etc., stages may have a negative-going glitch 
pulse resulting from differential delays of different CD4029B IC's. These negative- 
going glitches do not affect proper CD40298 operation. However, if the RY OU 
signals are used to trigger other edge-sensitive logic devices, such as FF's or counters, 
the CARRY OUT signals should be gated with the clock signal using a 2-input OR gate 
such as CD4071B. 


“RIPPLE CLOCKING" 


UP/DOWN >— [- —p> 
PRESET 5 | > 
ENABLE 


UPD PE J Jp Jy Ug UPD PE J Jz J3 v4 UPYD PE uJ, Jo Jy Jq 











































T co4029 tO. Ott cp4029 Qtt 04029 t. 








B/D CLO) Qp Q3 % 





CLOCK 





174 CO 40718 
BINARY/ 
DECADE 


Ripple Clocking Mode: 

The Up/Down control can be changed at any count. The only restriction on changing 
the Up/Down control is that the clock input to the first counting stage must be high 
For cascading counters operating in a fixed up-count or down-count mode, the OR 
gates are not required between stages, and €O is connected directly to the CL input of 
the next stage with CI grounded. 


Fig. 17 — Cascading counter packages. 


° 10 20 30 40 sO 60 7O 80 30 100 108 


my 


q 


84-92 
(2.134-2.336} 





30—| e ——————wd 


a : 
bee 4-10 
{0.102~0. 250) 
105-133 920M-29723R) 
(2.667- 2.870) 


The photographs and dimensions of each CMOS chip 
Dimensions and pad layout for CD4029B. represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, ihe angie of 
F : cleavage may vary with respect to the chip face for 
sii Hy hires are in millimeters and different chips. The actual dimensions of the isolated 
are derived from the vasic inch dimensions as in- chip, therefore, may differ slightly from the nominal 
dicated. Grid graduations are in mils (10-3 inch}. dimensions shown. The user should consider a toferance 
of —3 mils to +16 mils applicable to the nominal 

dimensions shown. 
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CD4030B Types 


CMOS 
Quad Exclusive-OR Gate 


High-Voltage Types (20-Volt Rating) 


Features: 


Vop = 10 V, C, = 50 pF 
® 100% tested for quiescent current at 20 V 


8 5-V, 10-V, and 15-V parametric ratings 
The RCA-CD40308 types consist of four in- : 
dependent Exclusive-OR gates. The CD4030B 
provides the system designer with a means 
for direct implementation of the Exclusive- 
OR function. 


The CD4030B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 
OC SUPPLY -VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vgg Terminal) .......- 0... eee eee eect eee ence enter een eee 
t{NPUT VOLTAGE RANGE, ALL INPUTS ... 
OC INPUT CURRENT, ANY ONE INPUT ... 
POWER DISSIPATION PER PACKAGE (Pp): 

For Tp = -40 to +60°C (PACKAGE TYPE E) ....... 0. cece cece rere renee ee tteen eee 500 mW 

For T, = +60 to +85°C (PACKAGE TYPE E) ..... 


® Noise margin (over full package-temperature 
range}: 
1VatVpp= 5V 
2Vat Vpp =10V 
2.5 V at Vpp =15V 
= Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 









Rb gor ar islsi ie aca.a’e Staye’s, epeleraia aieie’s 500 mW 





For T, = -55 to +100°C (PACKAGE TYPES D, F, K) .. 

For T, = +100 to +125°C (PACKAGE TYPES D, F, K) ......- Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ......----+++.+--+ 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K,H ....-. 6. cece cre c eee cece nee nnn tenn ee eee tenn eneee ~55 to +125°C 

PACKAGE TYPE E 0... cece cece eer e cece tent e nett ence eet en eee een e tee e sence ntee -40 to +85°C 

toy ese e Nha hemes anaes -65 to +150°C 


STORAGE TEMPERATURE RANGE (Tgtg) 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 105 MAX. ........ ee eee eee eee ee +265°C 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 





LIMITS 


CHARACTERISTIC 













e* 
2(5,9,12) 
e 
J 
"pom 10,10 TRUTH TABLE FOR ONE OF 
8 FOUR IDENTICAL GATES 
4s fA 
1G 8,13) A | _o | 








Yss | = HIGH LEVEL 
*\puTS PROTECTED O = LOWLEVEL 
BY COS/MOS 
PROTECTION NETWORK 


Fig. 1 — Schematic diagram (1 of 4 identical 
Vgg «9268-30052 gates). 


@ Medium-speed operation—tpy4) , tp_}y = 65 ns (typ.) at 


@ Standardized, symmetrical output characteristics 


‘® Maximum input current of 1 yA at 18 V over full package- 
temperature range; 100 nA at 18 V and 25°C 
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CbD4030B8 
FUNCTIONAL DIAGRAM 





Applications: 

@ Even and odd-parity generators and checkers 
® Logical comparators 

@ Adders/subtractors 

® General logic functions 


TERMINAL DIAGRAM 
Top View 





TOP VIEW 


92CS-24473R1 
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CD4030B Types 





STATIC ELECTRICAL CHARACTERISTICS ANGIENT TEMPERATURE (Tale 25°C: 
LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS | Values at -55, +25, +125 Apply to D, F,K,H Packages 
Values at —40, +25, +85 Apply to E Package 
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Fig. 2 — Typical output low (sink) current 
characteristics. 
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Fig. 3 — Minimum output low (sink) current 
characteristics. 
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Fig. 4 — Typical output high (source) current 
characteristics. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta =~ 25°C: Input t, ts = 20 ns, DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
Cy = 50 pF, Ry = 200 K2 
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CD4030B Types 


AMBIENT TEMPERATURE (T, 
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E 
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LOAD CAPACITANCE {C_)— pF 9208-24922 
Fig. 6 — Typical transition time as a function of 


load capacitance. 
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Fig. 7 ~ Typical propagation delay time as a function 
of load capacitance. 




































































































































































































































































AMBIENT TEMPERATURE (Ta )= 25°C : 
2 LOAD CAPACITANCE (C, }*50 pF 
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Fig. 8 — Typical propagation delay time as a function 
of supply voltage. 















z 

= 

4 

é 

Zz 

iS 

ios 

< 

g to = 

e LOAD CAPACITANCE (C,1*50 pF 
ana CL 15 OF 

2 




















INPUT FREQUENCY (f1)— kHz 
Fig. 9 — Typical dynamic power dissipation as a 
function of input frequency. 
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92C$- 27400RI 


Fig. 10 ~ Quiescent-device current 
test circuit. 


INPUTS 
Yoo NOTE 
° G) 
Yss 


MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Von AND Ys: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Von OF Vsg 
Vss 


92C5- 2ra02 


Fig. 12 — Input-current test 
circuit. 


Yoo 
INPUTS QuTPuTS 
vin 
* +, 
vie rE 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
92CH~Z7AGING 


Fig. 11 — Input-voltage test 
circuit. 








o- 
mene a) 
7 ( =O2541¢5 op 
1-783-1.955) 


9205-30055 


Fig. 12 ~ Dynamic power dissipation test 
circuit. 
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Dimensions and pad layout for CD4030BH. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (1073 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
water is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 











CMOS 64-Stage 
Static Shift Register 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4031B is a static shift register 
that contains 64 D-type, master-slave flip- 
flop stages and one stage which is a D-type 
master flip-flop only (referred to as a 1/2 
stage). 


The togic level present at the DATA input is 
transferred into the first stage and shifted 
one stage at each positive-going clock transi- 
tion. Maximum clock frequencies up to 
12 Megahertz (typical) can be obtained. Be- 
cause fully static operation is allowed, infor- 
mation can be permanently stored with the 
clock line in either the low or high state. The 
CD4031B has a MODE CONTROL input 
that, when in the high state, allows operation 
in the recirculating mode. The MODE CON- 
TROL input can also be used to select be- 
tween two separate data sources. Register 
packages can be cascaded and the clock 
lines driven directly for high-speed qperation. 
Alternatively, a delayed clack output (CLp) 
is provided that enables cascading register 
packages while allowing reduced clock drive 
fan-out and transition-time requirements. A 
third cascading option makes use of the Q’ 
output from the 1/2 stage, which is available 
on the next negative-going transition of the 
clock after the Q output occurs. This delayed 
output, like the delayed clock CLp, is used 
with clocks having slow rise and fall times. 


The CD40318B types-are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead plastic dual-in-line 
packages (E suffix), 16-lead ceramic flat 
Packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY -VOLTAGE RANGE, (Vpp) 





CD4031B Types 


Features: 

® Fully static operation: DC to 12 MHz typ. @ Vpp~Vss 
=15V 

= Standard TTL drive capability on Q output 

® Recirculation capability 

& Three cascading modes: 
Direct clocking for high-speed operation 
Delayed clocking for reduced clock drive requirements 
Additional 1/2 stage for slow clocks 


= 100% tested for quiescent current at 20 V 
® Maximum input current of 7 uA at 18 V 
over full package-temperature range; 100 nA 
at 18 V and 25°C 
® Noise margin (over full package-temperature 
range) 
1TVatVpp =5V 
2 Vat Vpp =10V 
2.5 V at Vpp = 15 V 
@5-V, 10-V, and 15-V parametric ratings 
@ Meets all requirements of JEDEC Tenta- 
tive Standard No. 13A, “Standard Specifi- 
cations for Description of ‘B’ Series CMOS 
Devices” 


$s 
NC © 3,4, 11,12,13,14 923 -29039Rt 


FUNCTIONAL DIAGRAM 





BIT INTO 
STAGE 1 


Applications: 


™ Serial shift registers 
® Time detay circuits 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that 

Operation is always within the following ranges: 


LIMITS 
CHARACTERISTIC 


[win [Max |UNITS 
Supply-Voltage Range 


(For Ta=Full Package- 
Temperature Range) 








TRUTH TABLE FOR OUTPUT FROM Q’ 
(TERMINAL 5) 







1 = HIGH LEVEL 
xX = DON'T CARE 


0 = LOW LEVEL 
NC = NO CHANGE 





(Voltages referenced to Vgg Terminal) 2.0.0.0... ccc ccc eenee ete eeeee eee nee eeeees -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ... -. 70.5 to Vpp +0.5V 
DC INPUT CURRENT, ANY ONE INPUT ......... 0.002 c see e cece eee etn ete eeee ee taeneeeeen 10 mA 
POWER DISSIPATION PER PACKAGE (Pp): seciacu 

For Ty = -40 to +60°C (PACKAGE TYPE E) «0.0... 0.0.0 cece cece rere ane te eens rere nen ens 500 mW ara ei P 

For Tq = +60 to +85°C (PACKAGE TYPE E) ............... Derate Linearly at 12 mW/°C to 200 mW CLIN 2 ok Int 

For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) ......... 0 cess cece cee ae reer eceneeeees 500 mW we { 3 

For Tq = +100 to +125°C (PACKAGE TYPES D,F,K) ....... Derate Linearly at 12 mW/°C to 200 mW ‘ . NC 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR a . 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..........-.....65 100 mw a 7 MODE CONTROL 
OPERATING-TEMPERATURE RANGE (Ta): Yss ‘ cLp 

PACKAGE TYPES! Dil F KIA icossinsin disse ecogn Morse dee demi van asratteanienanayeodgaeted ~§5 to +126°C TOP VIEW 

PACKAGE TYPE. dig be recess ugar alice pean e vindhate web leaded ha hae eee -40 to +85°C NC# NO CONNECTION 
STORAGE TEMPERATURE RANGE (Totg) .--.- eee eee ee creer eee eceeseneteeeeeeenes ~65 to +150°C Seer reo 
LEAD TEMPERATURE (DURING SOLDERING): TERMINAL ASSIGNMENT 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 108 Max. ........... 2c eee eee eee +265°C 
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STATIC ELECTRICAL CHARACTERISTICS brenniilentaenvte Nairites 
LIMITS AT INDICATED TEMPERATURES (°C) ‘ 
Values at -55, +25, +125 Apply to D, F, K, H Packages y 
Values at —40, +25, +85, Apply to E Package 3 30 GATE-TO-SOURCE VOLTAGE (Vgs)*I8 V + 
CHARACTERISTIC 5 FA 1 
é tf 
Quiescent Device Ff 2 
Current, 4 10V. 
'pp Max. g 
5 10} 
a 
Output Low (Sink) 3 5] SY 
Current Igy Min. 
Qa 0 s 0 5 


ORAIN-TO-SOURCE VOLTAGE (Vpg)-V 
92C8-24918RS 


Fig. 2 ~ Typical output low (sink) 
current characteristics (Q sink 
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current = 4X ordinate). 
Qutput High (Source) - 0.4 36 AMBIENT TEMPERATURE (Tq)=25°C 
Current, 1H Min. - aa 
0, GQ’, CLo ; t 
28 ca E 
Output Voltage: ' Fed GATE- TO- SOURCE VOLTAGE (Vggl=15 ¥ 
Low-Level, = panes a 
Vox Max. 3 10] 
Output Voltage: z ashi Ov 
High-Level, z J . i. 
Vou Min, 5 # a 
Input Low E 2g oye 
Voltage 2 
Vit Max. 5, 13. ry 6 0 8 
DRAIN-TO-SOURCE VOLTAGE (Vpg}—¥ 
Input High 92C$-2431981 
Voltage, Fig. 3 — Minimum output law (sink} 
Vit Min. .5, 13. current characteristics (Q sink 








Input Current current = 4X ordinate}. 
tin Max. : : ORAIN-TO-SOURCE VOLTAGE {Vos)—v 
=5 -10 5 ° 



































































































AMBIENT TEMPERATURE (Tq}*25*C J 
ae Sep bot de ditgid sd 

GATE -TO-SOURCE VOLTAGE (Vgs)*~5V. 5, ‘ 
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| _ paguececcods ts eases ry 

5 Ct a 1 af trays & 

® : tet t 3 

] 208 

DATA i iN i 4 « 

1 th t 3 

+ 1-25 & 

(9 : LATHE 3 

MODE CONTROL ! +h 30 

i tHe 5 

63 1OENTICAL | i 5 

RECIRCULATE c Stats \ } 4 af 

Le L a 
(DATA 2 IN) Loe cee ates ore _ _ —-l 
sues gaseous 
ce corm 5 A . 
Fig. 4 —- Typical output high (source) 
current characteristics. 
ORAIN-TO-SOURGE VOLTAGE (Vpg)—V 
=19 =10 5 9 
AMBIENT TEMPERATURE (Ta)= 28°C 
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| G f 
| ALL INPUTS ARE 3@ 4 ; 
: PROTECTED BY 
COS/MOS PROTECTION 
NETWORK ‘5 
Vss as 
cL s2cu- 29098 
i 
Fig. 1 — Logic diagram. gees -2eszmme 


Fig. § — Minimum output high (source) 
current characteristics, 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T 4 = 25°C; Input t,t; = 20 ns, 
Cy = 50 pF, Ry = 200k2. 


Propagation Delay Time: 
Clock to Q, tpy i, TPLH: 
Clock to Q, tp~y 


Clock to Q’, tp, tel: 
Clock to Q, tpHL 


Clock to CLp 


Transition Time, tTHL tTLH 
(Any Output, except Q, tr, ) 


Minimum Data Setup Time, tg 


Minimum Data Hold Time, ty 


Minimum Clock Pulse Width, ty 


Maximum Clock Input Frequency, 
fo.’ 


Clock Input Rise or Fall Time, 
tre” tect” 


Input Capacitance, Cypy 
(Any Input) 





“tf more than one unit is cascaded in the parallel clocked application, t,CL should be made less than or 
equal to the sum of the propagation delay at 50 pF and the transition time of the output driving stage. 
**Maximum Clock Frequency for Cascaded Units; 


a) Using Delayed Clock Feature in Recirculation Mode: 


1 
f rrr nrnnennnns where = number of packages 
max (n-1) CL prop. delay + Q prop. delay + set-up time 


b) Not Using Delayed Clock: 
1 


¢ re 
propagation delay + set-up time 


max 
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AMBIENT TEMPERATURE (Ta}*25°C 
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) Fa) 
LOAD CAPACITANCE (C_ }-pF g2cs-302854 


Fig. 6 — Typical propagation delay time as a function 
of load capacitance (see table). 









AMBIENT TEMPERATURE (Ty ) 23° FH 
pH: pLH- CLOER Ta Q° YE 





LOAD CAPACITANCE (Ci. pF 92C$- 30255 


Fig. 7 — Typical propagation delay time as a function 
of load capacitance (see table). 


TRANSITION TIME (7H. .t7LW—RS 


[) «0 60 80 100 
LOAD CAPACITANCE (C_)— pF 

92c$-24322 
Fig. 8 -- Typical transition time as a function of 


load capacitance (except Q, trp, }. 
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BIENT TEMPERATURE (Tq }*25°C aa H 
juaenaaaa 4 
sannnae + rH 2 
‘ 75) Hit t Pe (OK, 
H 5 tthrt i. 
IG Et LE Ht +i 4 ih : 
£ 4 ee 4 e 
‘a +} Ey le 
ay i t |S 
H Houine eeeeceascazes! eng 
arab It} le 6 
6 jm 4 
g ; 3 
le io 2 
9 10 V. 
z os ' H 109, 
fs Sv eo 6 
4 
2 
10 
6 468 
[) 20 40 60 80 100 24 san 2: 100 4 se. 264 Sox? 
LOAD CAPACITANCE (Cy }~pF 92CS-302S56RI CLOCK INPUT FREQUENCY (fo}—kHz 92¢5-30257RI 
: 5 ae) : 5 . . Eee es a Vg 92cs-30288 
Fig. 9 — Typical transition time as a function of Fig. 10 — Typical dynamic power dissipation as a : bed cL 
. 5 A TES PGI te, PG 2s a 
load capacitance (Q, t r441 ). function of clock input frequency. NOTER EG US feu 4 
Fig. 11 — Dynamic power dissipation test circuit. 
Yoo 
20 
GND = NEW DATA 92CS - 29063 
. 9205-27401R1 
Fig. 12 — Cascading using direct clocking for high-speed operation : . ; 
(see clock rise and fall time requirement}. Fig. 13 ~ Quiescent-device- 
current test circuit. 
Yop Yoo 
INPUTS 
Vop NOTE 
SoZ) MEASURE INPUTS 
° SEQUENTIALLY, 
= CLOCK Vss TO BOTH Vpp AND Veg: 
DRIVER CONNECT ALL UNUSED 
INPUTS TO EITHER 
ig ase | ate Yoo % es" 
TO CLOCK (172 -CD4013B) ® FOR RECIRCULATION MODE ONLY MODE CONTROL: Vpp = RECIRCULATION Vss 
NEW DATA - D Q el FF TO DELAY DATA UNTIL GND +NEW DATA 
INTO-RIRST * FIRST REGISTER DELAYED CLOCKING 92C8- 27802 
REGISTER au HAS OCCURRED 
a oe {EL 92¢$-29062R: 


Fig. 15 — Input-leakage current. 











Yoo 
INPUTS ouTPUTS 
vim 
. ~“@ 
se v 
CLOCK DRIVER tL i 
MODE CONTROL Vp = RECIRCULATION Se aee 
. 92cs~ wore: 
GND = NEW DATA Ae 
TEST ANY 
9205-2 7441R) COMBINATION 
OF INPYTS: 


Fig. 16 — Cascading using half-clock pulse delayed data output ta’) to permit 


use of slow rise and fall time clock inputs. Fig. 17 ~ Input-voltage test circuit. 








152 










































































ee 


if 











































91-99 
(2.311 - 2.515) 

















































































































oie 











































































































































































o- 


bes 4-10 
(0.102-0.254) 
136 ~144 











——_—__ 1 


(3.454 -3.658) caer 


92CM- 30Z59R1 


Dimensions and pad layout for CD4031 8. 


O:rmensions in parentheses are in millimeters and 
are derived trom the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch}. 


The photographs and dimensions of each CMOS chip 
represent 2 Chip when it is part of the wafer. When the 
water is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominat 
dimensions shown. 
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CD4032B, CD4038B Types 


CMOS 
Triple Serial Adders 


High-Voltage Types (20-Volt Rating) 
Positive Logic Adder — CD4032B 
Negative Logic Adder — CD4038B 


The RCA-CD4032B and CD4038B types 
consist of three serial adder circuits with 
common CLOCK and CARRY-RESET in- 
puts. Each adder has provisions for two 
serial DATA INPUT signals and an IN- 
VERT command signal. When the com- 
mand signal is a logical 1", the sum is 
complemented. Data words enter the adder 
with the least significant bit first; the sign 
bit trails. The output is the MOD 2 sum of 
the input bits plus the carry from the pre- 
vious bit position. The carry is only added 
at the positive-going clock transition for the 
CD40328 or at the negative-going clock for 
the CD4038B, thus, for spike-free operation 
the input data transitions should occur as 
soon as possible after the triggering edge. 


The CARRY is reset to a logical ‘'O” at the 
end of each word by applying a logical “1° 
signal to a CARRY-RESET input one-bit- 
position before the application of the first 
bit of the next word. 


The CD4032B and CD4038B types are sup- 
plied in 16-iead hermetic dual-in-line ceramic 
packages (D and F suffixes), 16-lead dual-in- 
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), andinchip 
form (H suffix). 


CD4032B, CD4038B 
TERMINAL DIAGRAM 


SUM 3 

INVERT 3 
CLOCK 

SUM 2 
INVERT2 
GARRY RESET 
INVERT 

Vss 


4 

2 
3 
4 
5 
6 
Tv 
8 





TOP VIEW  gacs.24a7ani 
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ay 


INVERT | 


Features: 
® Invert inputs on all adders for sum complementing 
applications 
® Fully static operation. 
@Vpp = 10V 
® Single-phase clocking 
® Standardized, symmetrical output characteristics 
® 100% tested for quiescent current at 20 V 
= 5-V, 10-V, and 15-V parametric ratings 
® Maximum input current of 1 vA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
= Noise margin (over full package-tempera- 
ture range) 
1 Vat Vpp =5V 
2 Vat Vop = 10 V 
2.5 V at Vpp = 15 V 
© Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


de to 10 MHz (typ.) 


CARRY RESET = 


V5.5 -8 
Yoo *'6 


9208-17683 


C04032B, CD4038B 
FUNCTIONAL DIAGRAM 





Applications: 

@ Serial arithmetic units 

® Digital correlators 

® Digital datalink computers 

® Flight control computers 

® Digital servo control systems 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY -VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vgg Terminal) .........-.-.ssseee cece erent tenet tree eee eeres -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . 
DC INPUT CURRENT, ANY ONE INPUT .. 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ty = 40 to +60°C (PACKAGE TYPE E) ....----- eee cere e eens Pe Co 500 mw 

For Ta = +60 to +85°C (PACKAGE TYPE E) ...... 






eee e erent eee e eee rere eee neue setae en eree +10 mA 









For T, = -55 to +100°C (PACKAGE TYPES DF, K) wo ce es cere cee e eee e eee n eet ee reeees 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) ......- Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .......--- aeitiete se 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H -55 to +125°C 

PACKAGE TYPE E ...... cece cece eee eer trees -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tetg) -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 108 Max. «0... sees ee eee eeeeees +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta, = 25°C, Unless Otherwise Specified 


For maximum reliability, nominal operatirig conditions should be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC TVpp | min. | Max. | UNITS 
Supply Voltage Range (at T a = Full Package- Temperature 
Range) Vv 


Clock Input Frequency, 











Clock Input Rise or Fall Time, 





Data Input Set-Up Time, t 
Clock to A or B Inputs SU 











CD4032B, CD4038B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 

CONDITIONS | Values at -55, +25, +125 Apply to D, F,K,H, Packages 
Yo | Yin 
(v) (v) 


Values at —40, +25, +85 Apply to E Package 


0,20 













CHARAC- 
TERISTIC 













Quiescent 
Device 
Current, 
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Output Low 
(Sink) Current 


lou Min. 














































Output High 
(Source} 
Current, 
'OH Min. 










Output Voltage: 
Low-Level, 
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Voltage: 
High-Level, 
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Vig Max. 
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Vin Min. 
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HooR wlan 
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INVERT, 250. >———- 





WORD } + WORD 2 = WORD 3+ WORD 4 - 








e! 


—a 


cL 

















% 
CLOCK 3 

















INVERT 
CARRY 
~~ _ + at RESET 
‘i SUM 
Do | 
be. — COMPLEMENTED SUM ~ 4 
WORD + 0.011) 100 = +60 WORD 3 150110b18~37 
WORD 2 0.01100; 0 « +50 WORD 4 110011 10*~50 
ONOVITO #110 VOrOOO1* =87 
a8c8 17662 
Fig.2 — CD4032B timing diagram. 
Vss 


* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 


92CM-29082R2 


Fig.1 — CD40328 logic diagram of one of three serial adders. 
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CD4032B, CD4038B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, Input t,, t¢ = 20 ns, 
Cy = 50 pF, Ry = 200 kQ. 













CHARACTERISTIC UNITS 





Propagation Delay Time: tpy., tpLH 
A,B, Carry Reset, or Invert Inputs to 
Sum Outputs 


Clock Input to Sum Outputs 


Transition Time: tryt. tTLH 


sie ow 
&28 anny 
Oo ojouu a] 
2=znNI1WWD 
28s oag 
o olooeo 


Minimum Data Input Setup Time, tgy 
Clock to A or B Inputs 


ios] 
o 


125 1200 
50 
40 


Q 
Oo 





Maximum Clock Input Frequency, fo MHz 


~ ON 
aoa 
ao 
aon 









Clock Input Rise or Fall Time, tpcu. tec * 


Input Capacitance, Cin (Any tnput) 


* If more than one unit is cascaded tro Should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


bd 
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oo 2 

oo 
ooo 

as] 

eB) | 








~ ADDER 



































* 
INVERT, ibe <> 


* 





























CARRY £f>o—f>—-— Yop 
RESET a) 
= i ADDERS 
* 3 
Lock [>e-4— >> 
Vss 


* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 

92CM-29083R1 


Fig. 3 - CD4038B logic diagram of one of three serial adders. 


—-WORD 3+ WORD 4 ~-- 


WORD }+WORD 2 ~~~ 





- COMPLEMENTEO SUM 
WORD 3 0.0100100 = +36 
WORD 4 0.011000 =+49 

O,10TOIO) =+65 
92C3-19821 RI 


s—a-= TRUE SUM == 


WORD 1 11000011 *-61 
WORD 2 11001101 *-51 


tOOlO000 #-H2 


Fig.4 — CD4038B timing diagram. 
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AMBIENT TEMPERATURE (Ta)= 25°C TT]! Tt 
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‘OUTPUT LOW {SINK] CURRENT (Ip,}—mA 


° 5 10 iT 
DRAIN- 10-SOURCE VOLTAGE (Vpg)—V 
92C5-2431083 


Fig. § — Typical output low (sink) current 
characteristics. 
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Fig. 6 — Minimum output tow (sink) current 
characteristics. 


DRAIN~ TO-SOURCE VOLTAGE (Vps)—V 
=15 -10 in J io] 
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Fig. 7 — Typical output high (source) current 
characteristics, 
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Fig. 8 — Minimum output high (source) current 
characteristics, 
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CD4032B, CD4038B Types 
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100 2 8 2.0466 S 
LOAD CAPACITANCE (CLI—pF ' “ee F #882 03 104 108 
C) 20 ino CAPREITANCE te} or 92cs-2aszz ; CLOCK INPUT FREQUENCY (fo) — RHE 90. song, 
Fig. 11 — Typical dynamic power dissipation as a 


Fig. 10 — Typical propagation delay times as a 
function of load capacitance (A, B, 
carry reset or invert to SUM). 


function of clock input frequency. 


Fig. 9 — Typical transition time as a function of 
load capacitance. 











Yoo Yoo 
INPUTS ouTPuUTS INPUTS 
— 
Vin Yop «—] NOTE 
a + wG) a MEASURE INPUTS 
ve 7 ° SEQUENTIALLY, 
1 al Vss * TO BOTH Vop AND Veg. 
= _ CONNECT ALL UNUSED 
INPUTS TO EITHER 
NOTE: Yop OR Vgg 
~Vvss Vsg TEST ANY COMBINATION v 
OF INPUTS 3S 
PGs for 
PC. Pos 92C8-30342 92€8-27¢4 RI 9205-27802 
Fig. 12 — Dynamic power dissipation test Fig. 13 — input voltage test circuit. Fig. 14 — Input current test circuit. 
circuit. 


° 10 20 30 40 50 6 70 73 
! 








99-107 
(2.518-2. 717) 
ss 
9205 27401R) 
Fig. 15 — Quiescent-device current test circuit. 
40 
30 
20 — 
Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mits (10-3 inch). Y 






The photographs and dimensions of each CMOS chip he 102-0254) 

represent a chip when it is part of the water. When the M 

wi is ‘ated into individual chips, the angle of 70-78 

ge may vary with respect to the chip face for (.778- 1.981) 
different chips. The actual dimensions of the isolated 

chip, therefore, may differ slightly from the nominal 


dimensions shown. The user shouid consider a tolerance Fi ; A i 
of -3 mils to +16 mils applicable to the nominal Dimensions and pad layout for CD4032BH, dimensions and pad layout for 


dimensions shown. CD40388H are identical. 
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CD4034B Types 
CMOS 8-Stage Static 


Bidirectional Parallel/Serial 
input/Output Bus Register 


High-Voltage Types (20-Voit Rating) 


The RCA-CD4034B is a static eight-stage 
parallel-or serial-input parallel-outout regis- 
ter. It can be used to: 


1) bidirectionally transfer parallel informa- 
tion between two buses, 2) convert serial 
data to parallel form and direct the parallel 
data to either of two buses, 3) store (recircu- 
late) parallel data, or 4) accept parallel data 
from either of two buses and convert that 
data to serial form. Inputs that control the 
operations include a single-phase CLOCK 
(CL), ADATA ENABLE (AE), ASYNCHRO- 
NOUS/SYNCHRONOUS (A/S), A-BUS-TO- 
B-BUS/B-BUS-TO-A-BUS (A/B), and PAR- 
ALLEL/SERIAL (P/S). 


Data inputs include 16 bidirectional parallel 
data lines of which the eight A data lines are 
inputs (3-state outputs) and the B data lines 
are outputs (inputs) depending on the signal 
levet on the A/B input. In addition, an input 
for SERIAL DATA is also provided. 


All register stages are D-type master-slave 
flip-flops with separate master and stave 
clock inputs generated internally to allow 
synchronous or asynchronous data transfer 
from master to slave. Isolation from external 
noise and the effects of loading is provided 
by output buffering. 


PARALLEL OPERATION 


A high P/S input signal allows data transfer 
into the register via the parallel data fines 
synchronously with the positive transition 
of the clock provided the A/S input is low. 
lf the A/S input is high the transfer is in- 
dependent of the clock. The direction of 
data flow is controlled by the A/B input. 
When this signal is high the A data lines are 
inputs (and B data lines are outputs); a tow 
A/B signal reverses the direction of data flow. 


The AE input is an additional feature which 
allows many registers to feed data to a 
common bus. The A DATA lines are enabled 
only when this signal is high. 


Data storage through recirculation of data in 
each register stage is accomplished by mak- 
ing the A/B signal high and the AE signal 
low. 


Applications: 


® Parallel Input/Paraliel Output, 
Parallel Input/Seriat Output, 
Serial Input/Parallel Output, 
Serial Input/Serial Output Register 


@ Shift right/shift left register 

= Shift right/shift left with parallel loading 

@ Address register 

= Buffer register 

= Bus system register with enable parallel 
lines at bus side 

= Double bus register system 

@ Up-Down Johnson or ring counter 

= Pseudo-random code generators 

& Sample and hold register (storage, 
counting, display} 

= Frequency and phase comparator 


SERIAL OPERATION 


A tow P/S signal allows serial data to transfer 
into the register synchronously with the 
positive transition of the clock. The A/S in- 
put is internally disabled when the register is 
in the serial mode (asynchronous serial opera- 


tion is not allowed). 


The serial data appears as output data on 
either the B lines (when A/B is high) or the 
A lines (when A/B is low and the AE signal 
is high). 


Register expansion can be accomplished by 
simply cascading CD4034B packages. 


The CD4034B types are supplied in 24-lead 
dual-in-tine ceramic packages (D and F suf- 
fixes), 24-lead dual-in-line plastic packages 
(E suffix), 24-tead ceramic flat packages {K 
suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY -VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) ..........-- 


INPUT VOLTAGE RANGE, ALL INPUTS . 


OC INPUT CURRENT, ANY ONE INPUT ..........-++ 


POWER DISSIPATION PER PACKAGE (Pp): 


For T, = -40 to +60°C (PACKAGE TYPE E) .....--+ 
For T, = +60 to +85°C (PACKAGE TYPEE) ......-- 
For Ta = -56 to +100°C (PACKAGE TYPES D, F, K)} 
For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 





a 
w 
= 
a 
@ 
z 
a 
a 
« 


8 CATA LINES 


92CS-29108 
Functional Diagram 





Features: 


Bidirectional parallet data input 
Parallel or serial inputs/parallel outputs 
Asynchronous or synchronous parallel 
data loading 
Parallel data-input enable on “A” data 
lines (3-state output) 
Data recirculation for register expansion 
Multipackage register expansion 
Fully static operation de-to-10 MHz (typ.) 
at Vpp = 10 Vv 
Standardized, symmetrical output 
characteristics 
100% tested for quiescent current at 20 V 
5-V, 10-V, and 15-V parametric ratings 
Maximum input current of 1 uA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 
Noise margin (over full package-temperature 
range): 

1 Vat Vpp =5V 
2 Vat Vpp = 10 V 

2.5 V at Vpp = 15 V 
Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


be nebbeedeneetn bern esceaseaaeeaae -0.5 to +20 V 


-0.5 to Vpp +0.5 V 


DSA Resse eieglencacd aibea bien NONCaL se oe awe cals +10 mA 


LARA AA Nala ee aos bane NK aga Ca stad. o aS teL 500 mW 


alee adstcace wiesele wie due dW As Matinee ce ple led PEN 500 mW 


For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ....-....--eeeees 100 mW 


OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES D, F, K,H .... 0. cece reer cree ener ee teeter nee teens enon nee -55 to +125°C 

PACKAGE TYPE E 0... coe cece cette teen eet e ener teen teense nace ene e nee -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tog) -----+ eer reee rece ee teers eens ttn reeee tes ~65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ....-- 6... sere eee eee +266°C 


nnn nn CUTTS 
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CD4034B Types 


RECOMMENDED OPERATING CONDITIONS at Tp = 25°C, Except as Noted. acre 
For maximum reliability, nominal operating conditions should be selected so that nuts ff aus 


INPUTS 
Operation is always within the following ranges: 
Vop y LIMITS 
UNITS 
Poe 
3 


CHARACTERISTIC 
Supply-Voltage Range (For T, = Full Package- V 
Temperature Range) 


fd 

Data Setup Time, ts 5 160 

Serial Data to Clack 10 60 

16 40 

5 50 

10 30 

15 20 
10 
15 
5 
10 
15 












“at on a" = ——-—- 90% 
oata 
ourputsS | a= 19% 5 
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Fig. 2 — Asynchronous operation propagation 
delay time and transition time. 







Parallel Data to Clock 










5 350 










Clock Pulse Width, tw 140 


80 


2 
de 5 
7 
Clock Input Rise or Fall Time, t,CL, tyCL* | 15 | ous | 


* Pah an : 
if more than one unit is cascaded t,CL should be made less than ‘or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estirnated capacitive load. pale ea Daye See A One gare INPUTS, "A ENABLE , 


tei AND tsHL ARE SET-UP TIMES 





Clock Input Frequency, fo. 






OUTPUT 








9205-20078 


Fig. 3 — Synchronous operation propagation 
delay times, transition times, and 
set-up times. 
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Fig. 1 — Steering logic diagram. va. PY 
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FLIP-FLOP TRUTH TABLE pe eel ae le 
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Pt mL 
ae a a 
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Fig. 4 — Timing diagram. 
1 = High Level 0 = Low Level X= Don't Gare sat 
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CD4034B Types 


STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 


Values at -55, +25, +125 Apply toD, F,K,H Packages 
Values at —40, +25, +85 Apply to E Package 




































CHARAC- 
TERISTIC 


CONDITIONS 












Quiescent 
Device 
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Output Low 
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toy Min. 
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(Source) 
Current, 




















Output Voltage: 
Low-Level, 
Vot Max. 












Voltage: 
High-Level, 


tnput Low 








































































































































































































AMBIENT TEMPERATURE (Ta}= 25°C HY 
< pepseseerent 
= L rt 
\ 
a { enue 
22H GATE-TO-SOURCE VOLTAGE (Vgg)*I5 V 
bE Ft H+ 
& est : 
& i 
« = t 
3 : 
3 
= 2 +4, 
z 
z s H 
© ist Eiov 
= 
& AAA 
5° HH 
@ senene 
a5 iS V 




































































5 15 
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925-2431889 


Fig. 5 — Typical output low (sink) 
current characteristics. 
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Fig. 6 — Minimum output low (sink) 
current characteristics. 
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* Alt inputs except A and B Lines. 
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92CS-24322 
9208-24 32.82 


Fig. 8 — Minimum output high (source) 
current characteristics. 


Fig. 9 — Typical transition time as a function 
of load capacitance. 




















































































































































































































Voltage AMBIENT TEMPERATURE (Tq}-25°C : 

Vi Max. : oot VOLTAGE (Vgg)?-5V ‘ ! 

Het -10 

Input High H +H t A 

Voltage, 15 5 

Vin Min. “sy 209 

ttt z 

Input Current * + 25 $ 

tiny Max. t} we 

5 

3-State i é 

Output i 3 
Leakage 9205-24320R3 

Current 


Fig. 7 — Typical output high (source) 
current characteristics. 
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Fig. 10 — Typical propagation delay time as @ 
function of load capacitance [A{B) 
parallel Data Input to B{A} parallel 
Data Output, synchronous or 
asynchronous]. 
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CD4034B Types 
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92CM-29110R2 
Fig. 11 — Register stage logic diagram {1 of & stages). 
TRUTH TABLE FOR REGISTER INPUT-LEVELS AND 
RESULTING REGISTER OPERATION 
one T 9208-30154 
Enable] P/S Ale | A/S Operation* Fig. 13 — Dynamic power dissipation 
0 0 x Serial Mode; Synch. Serial Data Input, “A” Parallel Data Outputs test cireHlt. 
Disabled 
0 fof i] x] Serial Mode; Synch. Serial Data Input, ‘'B’ Parallel Data Output 
Fi fojo| Paratiel Mode; "B” Synch, Parallel Data Inputs, ‘A’ Parallel Data 
Outputs Disabled 
| Parallel Mode; “’B’ Asynch. Parallel Data Inputs, A” Parallel Data 
Outputs Disabled 
es Parallel Mode; ‘‘A” Parallel Data !nputs Disabled, ’B” Parallel Data 
Outputs, Synch. Data Recirculation 
Parallel Mode; A” Parallel Data Inputs Disabled, B” Parallel Data 
Ais Outputs, Asynch. Data Recirculation 
Po Serial Mode; Synch. Serial Data Input, A” Parallel Data Output SS 
[1 [x | Serial Mode; Synch. Serial Data Input, 'B” Parallel Data Output : : ; aces ; 
Fig. 14— Quiescent-device-current test circuit. 
1 a Parallel Mode; ‘“B” Synch. Parallel Data Input, “A” Parallet Data 
Output 
1 Ie Parallel Mode; ''B” Asynch, Parallel Data Input, “A” Paralte! Data 
Output Yoo 
1 1 Parallel Mode; A” Synch. Parallel Data Input, ‘B” Parallel Data INPUTS 
Output Yoo NOTE 
1 1 1 1 [rea Mode; “A” Asynch. Parallel Data Input, ''B’’ Parallel Data 2 O- SECuENTAL 
utpu i 
"Outputs change at positive transition of clock in the serial mode and when the AIS control input is “low” PUTS TOEITHER 
in the parutiel mode. During transfer from parallel to serial operation A/S should Yop OF Vgs° 
remain low in order ta prevent Dg transfer into Flip Flaps. Vss 
1 = HIGH LEVEL 0 = LOWLEVEL X = DON’T CARE ae 


Fig. 15 — Input-current test circuit. 
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CD4034B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tq = 25°C; input t,,t¢ = 20 ns, 
Cy = 50 pF, Ry = 200 kL 


CHARACTERISTIC 


Propagation Delay Time, tpHL tPLH 
A(B) Paraliel Data In to 
B(A) Parallel Data Out 
Serial to Paralle! Data Out 












3-State Propagation Delay Time, 
A/B or AE to “A” OUT 





teLz: tpHz- 
tpzL tPZH 









Transition Time, tTHL tTLH 







Minimum Data Setup Time, 
Seriat Data to Clock 









Parallel Data to Clock 





Minimum High-Level Pulse Width, ty 
AE, P/S, A/S 







Maximum Clock Frequency, 







Minimum Clock Pulse Width, 










Maximum Clock Rise or Fall Time, t-CL, t¢CL* 


Input Capacitance, (Any Input) — Cray 


"If more than one unit is cascaded, CL should be made tess than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 





DOUBLE ~ BUS SYSTEM 
(ENABLE INPUTS ON BOTH SIDES) 








Yoo 
INPUTS guTPuTs 
vin 
None -e 
° 2 
Yi 
= 
NOTE: 
Vs TEST ANY COMBINATION 
OF INPUTS 
92cS-27441Rt 


Fig. 16 — Input-voltage test circuit. 
Applications 
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Ch DATA, 
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A034 
Ars C0403: 
B PARALLEL 
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P/S 








Prs 
AsS> 
cL 
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92Cs-192G0m 


Fig. 17 — 16-bit parallel in/parallel out, 
parallel inerial out, serial in/ 
parallel out, serial in/serial out 
register. 
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SERIAL sx "A'PARALLEL sr "A’ PARALLEL 
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ps 4034 
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cue reira 











g2c8-1920581 
Fig. 18 ~ 16-bit serial in gated porallel out 
register. 
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The “A” enable (AE) and A/B signals control all 
combinations of transfer between the registers 
and bus systems. 


BUS LINES 
(SINGLE} 


Fig. 19 — Single- and double-bus systems. 
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CD4034B Types 
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Fig. 21 — N-stage shift register with fixed serial 
output line. 























P/S REG. 3 
04034 


cL 
A/® |— 8 PARALLEL DATA—@8 


Yoo 


cu 


A/B_ |e—B PARALLEL DATA—=8 






REG, 4 
04034 


SAMPLE / HOLD 





AE I 


SERIAL CATA 


Yop cD4034 








a aaa 


A “High” (“Low”) on the shift Left/Shift 
Right input allows seria! data on the Shift 
Left Input (Shift Right Input) to enter the 
register on the positive transition of the 
clock signal. A “high” on the ‘A’’ Enable 
(nput disables the A’ parallel data lines on 
Reg. 1 and 2 and enables the ‘’A”’ data lines 
on registers 3 and 4 and allows parallel data 


Fig. 20 — Shift right/shift left with parallel inputs. 








L 4-10 


(0.102-0.252) ag isg 
(3.760 - 3.962) 








entry. 





: 92CM-301I55R1 


rE 


92eM- 1921581 


into registers 1 and 2. Other logic schemes P/S 
may be used in place of registers 3 and 4 for 
paralle! loading. 


When parallel inputs are not used Reg. 3 and 
4_and_ associated logic are not required. 


* Shift left input must be disabled during parallel 





A/S 
CLOCK 


TO DISPLAY ETC 


g2cs- 


Fig. 22 — Sample and hold register—serial/ 
paralle! in-—parallel out. 
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ge? a 
3}e— 13 a 
| 4 2/z 
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‘o 7 a 
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"A" ENABLE 9 
SERIAL INPUT 10 CLOCK 
A/B il A/S 
Vgs 12 P/S 


TOP VIEW 


92C$-207¢aR 


TERMINAL DIAGRAM 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip. therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD4034BH. 
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CD4035B Types 


= Features: 
CMOS 4 Stage @ 4-Stage clocked shift operation 
Parallel In/Parallel Out Synchronous parallel entry on all 4 stages 
Shift Register 


. 
® JK inputs on first stage 
® Asynchronous True/Complement control 
with J-K Serial Inputs and True/ on all outputs 
Complement Outputs Static flip-flop operation; Master-slave 
, ‘ configuration 
High-Voltage Types (20-Volt Rating) Buffered inputé.and outputs 


The RCA-CD4035B is a four-stage clocked 
signal serial register with provision for syn- , 4 
chronous PARALLEL inputs to each stage Stancerd ized, sy mmmemicgh output 


and SERIAL inputs to the first stage via Sharecieristics . . 
JK logic. Register stages 2, 3, and 4 are ® 5-V, 10-V, and 15-V parametric ratings 


100% tested for quiescent current at 20 V 


coupled in a serial D flip-flop configuration @ Meets all requirements of JEDEC Tentative 
when the register is in the serial mode Standard No. 134, “Standard Specifications 
(PARALLEL/SERIAL control low). for Description of “B’’ Series CMOS 
Parallel entry into each register stage is per- Devices 

mitted when the PARALLEL/SERIAL con- 

trol is high. Applications: 

in the parallel or serial mode information is " Counters, Registers 


transferred on positive clock transitions. 


When the TRUE/COMPLEMENT control is 
high, the true contents of the register are 


Arithmetic-unit registers 
Shift-left — shift right registers 


available at the output terminals. When the Serial-to-paraliel/parailel-to-serial 
TRUE/COMPLEMENT control is low, the conversions 

outputs are the complements of the data in @ Sequence generation 

the ae _ The Heraeus agen a ® Control circuits 

con unctions asynchronously with re- : 

ae the CLOCK sonal ae : m COME cOnseEION 

JK input logic is provided on the first stage FIRST STAGE TRUTH TABLE 


SERIAL input to minimize fogic require- 
ments particularly in counting and sequence- 
generation applications. With JK inputs 
connected together, the first stage becomes 
a D flip-flop. An asynchronous common 
RESET is also provided. 


The CD4035B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead duat-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 




















MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY -VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vgg Terminal) .....-.. ccc cc centre eee renee teen ee eeaneeens 
INPUT VOLTAGE RANGE, ALL INPUTS .. 
DC INPUT CURRENT, ANY ONE INPUT .... 
POWER DISSIPATION PER PACKAGE (Pp): 











For Tp = -40.to +60°C (PACKAGE TYPE E) ....... secs eect eet eee ene et rte een eneees 500 mw 

For Ta = +60 to +85°C (PACKAGE TYPE E) ...........0555 Oerate Linearly at 12 mW/°C to 200 mW 

For T, = -55 to 100°C (PACKAGE TYPES D, F, K) .. 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ty = FULL PACKAGE-TEMPERATURE RANGE (Ali Package Types) ...........,....05 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE. TYPES Di:F Kil sedis caecum ad odwuine pees ce ebichd ageeinney Ces -55 to +125°C 






PACKAGE ‘TYPE Eo ic candice crac ei nie riaeee nt Maladane Séyieltceinie ope 'b blajecale G85 na entende -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) dD a AEN PIM a Ree Mae ne MCE ana ed O58 -65 to +160°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. 6.6... ccc cece eee eee +265°C 





164 


High speed — 12 MHz (typ.) at Vpp = 10 V 





PARALLEL IN 





Q/9,  92/B. 03/03 O4/Gq 
Uo OUT 
92CS- 29054RI 


FUNCTIONAL DIAGRAM 








AMBIENT TEMPERATURE (Ta)* 25°C: 
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GATE-TO-~SOURCE VOLTAGE (Vgg)=18 Vv 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


9208-24310R3 


Fig. 1 — Typical output low {sink} 
current characteristics. 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 











9265 -2¢a19R1 


Fig. 2 — Minimum output low (sink} 
current characteristics, 


DRAIN=TO- SOURCE VOLTAGE (Vog)—V 
-15 -10 ~S 
AMBIENT TEMPERATURE (Ta) 25 °C: 


GATE~TO-SOURCE VOLTAGE (Vgg)*-5V. 
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9205-24320R3 


Fig. 3 — Typical output high (source) 
current characteristics. 








CD4035B Types 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
Pe “ x15 =10 -5 ° 
AMBIENT TEMPERATURE (Tale o5°C: 


ve GAYE -TO-SOURCE VOLTAGE (Vgg)=-5 v. 
‘00 
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92C$-24322 
Fig. 4 — Logic diagram. Fig. 6 - Typical transition time as a function of 
load capacitance. 
* AMBIENT TEMPERATURE {Ta )* 25°C 
{ | CLOCKED OPERATION 
rz saeaas + 
rs = 
' Femiiitvaiinins ia 8 
RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. = Tf supPLY Nk 
For maximum reliability, nominal operating conditions should be selected so that 2 ei oa 
operation is always within the following ranges: Sa H + t 
= 5 +H} 
CHARACTERISTIC Vop Fa ts units} & # i st 
(Vv) F wo] ey 
Supply-Voltage Range {For Tq = Full 4 H 
Package-Temperature Range) e 


















































0 20 40 60 80 100 
LOAD CAPACITANCE (C,)— pF 


Data Setup Time, tg: 5 220 
J/K Lines 


92C$~30362 







Fig. 7 — Typical propagation delay times as a func- 
tion of load capacitance (Q output}. 
Parallel-In Lines 
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Fig. 8 — Typical maximum clock input frequency 
as a function of supply voltage. 
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CD4035B Types 


STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 


Values at -55, +25, +125 Apply to D, F, K, H, Packages 
Values at —-40, +25, +85 Apply to E Package 












CHARAC- 
TERISTIC 
























Vpp 
(Vv) 


Output Low 
(Sink) Current 







































































r 1o®§ 























Output High 
(Source} 
Current, 
'OH Min. 
Output Voltage: 
Low-Level, 
VoL Max. 
Output 
Voltage: 
High-Level, 
VOH Min. 4 
| et 0.5,4.5 ‘l 5 1.5 ~ 1.5 
nput Low + | 
Voltage 1,9 [10 3 fe _ 3 
Vir Max. 513.5 im 4 | fi Aly 
Input High [.9-8.4. [ee 35 eh mea 
Voltage, 1,9 10 7 { 7 - fe 
; _f -+ 
Vin Min, 15135 15 11 W ~ 
] 
tnput Current 0.181 18 120.1 +01 +] 7) _ +10~-5 1 +01 uA 
Itpy Max. L 
Yoo Yop 
INPUTS outpurs inPurs 
Vin Yoo NOTE 
“ + 
ve =89 oe SEQUENTIALLY. 
th + Vss TO BOTH Vpp AND Veg 
CONNECT ALL UNUSED 
iiore: INPUTS TO EITHER 
Vss TEST ANY COMBINATION Yop OR Vss° SU TEMT, 
OF INPUTS Vss 
92CS-27441R1 92CS-27a02 


Fig. 12 — Input-voltage test circuit. Fig. 13 — Input-current test circuit. 


'OWER DISSIPATION / PACKAGE (Po)—nw 
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CLOCK INPUT FREQUENCY ( fo, )— kHz 92C5- 30364 
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Fig. 9— Typical dynamic power dissipation as a 
function of clock input frequency. 





t 9208-30365 
Gz 
tree 


Fig. 10 ~ Dynamic power dissipation test circuit. 
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ss 
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Fig. 11 — Quiescent-device current test circuit. 
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OUTPUT 


TRUE /COMP. CONTROL IN TRUE MODE 


92CS-199T4Ri 


Fig. 14 — Shift left/shife right register. 





166 














CD4035B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At Ty = 25°C, Input t,, t= 20 ns, Cy = 50 pF, Ry = 200k 


TEST 
CONDITIONS 




















LIMITS 





CHARACTERISTICS 


“4 
< 
2 

= 

be 


CLOCKED OPERATION 













Propagation Delay Time: 


2 
TPHL: tPLH 


° 


10 


200 








Transition Time: 


Using Couleur’s Technique (BIDEC)“, a ‘THU 'TLH 


binary number (most significant bit, MSB) 
first is shifted and processed, such that the 
BCD equivalent is obtained when the last 
binary bit is clocked into the register. The 
CD4035B, with the correct conversion 
logic, can also be used as a BCD-to-binary 
converter, 


200 








Minimum Clock Pulse Width, ty 


Clock Rise or Fall Time, t,CL, t¢CL* || 


Minimum Setup Time: 
J/K Lines 
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NI~wT oe 
aioe 
N 
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o 
ao] 

nn 


7 
a 








“The basic rule is: If a 4 or less is in a decade, 
shift with the next clock pulse; if a 5 or greater 
is in a decade, add 3 and then shift at the next 
clock pulse. For more information refer to 
"IRE TRANSACTIONS ON ELECTRONIC 
COMPUTERS”, Dec. 1958, Pages 313-316. 


Parallel-In-Lines 


Fig. 168 — BIDEC logic. Maximum Clock Frequency, fo, 
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Input Capacitance, Cy,y 
RESET OPERATION 


Any Input 








Yoo 
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Propagation Delay Time: 
tPHL: 'PLH 





Cu. C04035 
jy 4-STAGE REGISTER 

















| 
| 
*1f more than one unit is cascaded cl should be made fess than or equal to the sum of the transition | 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive 1 
load. ! 
Controi=E= 0 1 f 
Q, G2 93° Aq Q; O82 G3 4 | 

A B c D A B c D 

oO Le is) o 15 1 1 1 1 

1 1 oO o ie) 14°00 1 1 1 

2 0 1 0 QO 13°41 o 1 1 

s§ 1 Le] 1 oO 10 0 1 i?) 1 

10 0 1 o 1 5 1 i) 1 Q 

4 0 fe] 1 0 11 «#14 4 oO 1 

91 o Q 1 6 0 1 1 ie) 

3 1 1 o Oo 12, 0 0 1 1 

6 06 1 1 o 9 1 oO to) 1 

13°¢«41 Oo 1 1 20 1 0 Qo 

11064 1 o 1 4 0 i] 1 0 

71 1 1 Qo 8 Oo °o ° 1 

14:0 1 4 1 161 ° o 1) 

12 0 Oo 1 1 3 61 1 a Go 

8 0 te) 0 1 7 1 1 1 
92CS-1997381 Using a control line (£) two different state sequences can be generated. 


For example, suppose the following two sequences are desired on 
command (control line &) 
Fig. 16{a) — Double sequence generator. . 
Fig. 16(b}) — State sequences. 
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CD4035B Types 
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CARRY 
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(BIDEC LOGIC) 
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FIG.7 






FIG. 7 


TO 
UNITS 
REGISTER] py-g 


TENS 
REGISTER | Pp 
92CS I997IRZ 


Fig. 17 — Binary-te-BCD converter, 





9° 10 20 30 40 50 60 70 80 90 92 











60 - 
50 -— 83-91 TERMINAL DIAGRAM 
(2.109~2.3t1) Top View 
40- 0 
2 
30- ——— ‘ 
| Alea ‘ 
te a 
4-10 
(2.261- 2.463) 92CS~ 35056 


The photographs and dimensions of each CMOS chip 
represent a chip when if is part of the wafer. When the 
Dimensions and pad layout for CD4035BH. wafer is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly trom the nominal 


Dimensions in parentheses are in millimeters and dimensions shown, The user should consider a tolerance 
are derived from the basic inch dimensions as in- of -3 mils to +16 mils applicable to the nominal 
dicated. Grid graduations are in mils (10-3 inch). dimensions shown. 
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CMOS Quad 


True/Complement Buffer 


High Voltage Types (20-Volt Rating) 


The RCA-CD4041UB types are quad true/ 


complement buffers consisting of n- and 
p-channel units having low channel resistance 
and high current (sourcing and sinking) 
capability. The CD4041UB is intended for 
use as a buffer, line driver, or CMOS-to-TTL 


Features: 


Balanced sink and source current; approximately 4 times 


standard “B” drive 


Equalized delay to true and complement outputs 


100% tested for quiescent current at 20 V 
Maximum input current of 1 uA at 18 V over 
full package temperature range; 100 nA at 
18 V and 25°C 

5-V, 10-V, and 15-V parametric ratings 
Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


CD4041UB Types 





driver, Jt can be used as an ultra-low power 
resistor-network driver for A/D and D/A con- 
version, as a transmission-line driver, and in 


Vgg2? 





other applications where high noise immun- Applications: Vpo"'4 ——sacs-z0034r! 
ity and low power dissipation are primary ® High current source/sink driver 

design requirements. m CMOS-to-DTL/TTL Converter Buffer 

| ne CD4041UB types are supplied in 14-lead ® Display driver 

hermetic dual-in-line ceramic packages (D &@ MOS clock driver 

and F suffixes), 14~lead duai-in-line plastic = Resistor network driver 





packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


(Ladder or weighted R) 
@ Buffer 
@ Transmission line driver 





MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


92CS-20755R1 













(Voltages referenced to Vgg Terminal) ..........20 cece creer eee eee cert treet eens -0.5 to +20 V TOP VIEW 
INPUT VOLTAGE RANGE, ALL INPUTS .........00:.ceseceu ence e teense eee eens -0.5 to Vpp +0.5V TERMINAL ASSIGNMENT 
DC INPUT CURRENT, ANY ONE INPUT 2.00.0... 020.00 c cece cece cn ee een ete eee eenee negate +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 
For T, = ~40 to +60°C (PACKAGE TYPE E) 500 mw 
For Tp = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mwW/°C to 200 mw Yop Yop Yoo 
For Tp, = -55 to +100°C (PACKAGE TYPES D, F,K) 0.0.0: ceeee eee eceee reese te eeeeeeees 500 mW 
For Tq = +100 to +125°C (PACKAGE TYPES D, F, K) ....... Derate Linearly at 12 mw/°C to 200 mw | ae 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR eur ouTPuT 
For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............-.4++- 100 mw } o 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE: TYPES DF; Ki-He ce eddsecanis and eae wba 0boanedecehacte tec ertiaenes’ 55 to +125°C 4 
PACKAGE TYPE E oso. ctecc5 coesGcthads beieneea sued ea iad deeb escaduseey ned Keo mees -40 to +85°C Yss Vss 
STORAGE TEMPERATURE RANGE (Tgtg).--.--- ee ee ee cree ce ee etree eee ne ne nee ees 65 to +150°C Vs Yoo 
LEAD TEMPERATURE (DURING SOLDERING): "aut wpurs provecten| _f 4 tcaitwent 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ............eee eee es +265°C RTL dpa le wy? 4 ouTPuT 
i n 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
Operation is always within the following range: 


9205-27536 


Fig.1 — Schematic diagram 1 of 4 buffers. 


Supply-Voltage Range (For Ta=Full Package- 
Temperature Range) 
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92cs- 27537 AI 9225-2 7838R1 92C5~27599R1 


Fig.4 — Typical output high (source) current 
characteristics. | 


Fig.3 — Minimum tow (sink) current 
characteristics. 


Fig.2 — Typical output low f{sink) current 
characteristics. 
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CD4041UB Types 


STATIC ELECTRICAL CHARACTERISTICS 









LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H, Packages 













lpp Max. 


CHARAC- CONDITIONS Values at —40,+25,+85 Apply to & Pkgs. 
TERISTIC 

Vo | VIN 

(v) (Vv) —~40 | +85 | +125 
Quiescent | — | 0,5 | 1 
Device |__— | 0,10] | 2 | 60 | 60 | in 
Current [0.15] 

[= [020 600 | 


Output Low 






= 
wo 
= 
NR 







{Sink} : 

Current, | 0,10 | [56 | 4 | 
lo Min. [15 [0.15 
Output High | 0,5 | [-1.8 | -13 [-1.2 | 
(Source) 2 0,5 6.7 | -5.3 [-4.6 | 
Current, 0,10 |~5.6 | -4 |[-3.5 | 
{oH Min. 0,15 —24 |—23 |-15.5 | -13 






Output Volt- 
age: 
Low-Level, 
Vor Max. 









Output Volt- 
age: 

High-Level, 

VoH Min. 


9.95 
14.95 


3 
a a 





Input Low 
Voltage, 
Vit Max. 


Input High 
Voltage, 
Vin Min. 
Input 
Current, 
Vigy Max. 
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- Me 
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as 
3° 
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Slo 
oo 


1.5,13. 12.5 








+10-5 


P 
= 
ror) 
sa 
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+0.1 


Px} = 
on oa 





DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t,,t¢ = 20 ns, 
CL = 50 pF, RL = 200 kQ 





ALL TYPES 


CONDITIONS LIMITS 


CHARACTERISTIC 


Propagation Delay Time: 
(PHL. 
tPLH 





tTHL. 


Transition Time 
'TLH 








Input Capacitance CIN 









DRAIN-TO~SOURCE VOLTAGE (¥ps)—V 
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Fig.5 — Minimum output high (source} 
current characteristics. 
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Fig.6 — Typical propagation delay time 
vs. oad capacitance. 
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Fig.7 — Typical transition time vs. 
load capacitance, 
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Fig.8 — Minimum and maximum transfer 
characteristics — true output. 
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CD4041UB Types 
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ie (o?, — Yoo NOTE 
B (> MEASURE INPUTS 
Fo 1 ° SEQUENTIALLY, 
ba Vgs TO BOTH Vpp ANO Vg: 
Fd CONNECT ALL UNUSED 
id eee j INPUTS TO EITHER 
Hit hit ial) +H Vp OR Veg- 
10 | + oz 103 104 108 jos 107 ee 
INPUT RISE AND FALL TIME (trite )—ne Vss 
s2ca-s6214 Vss 92C$-27401R1 928-2702 
Fig.10 — Typical power dissipation vs. input Fig.12 — Quiescent device current test circuit. Fig.14 — Input-leakage-current test circuit. 


rise & fall time per output pair. 


Dimensions and pad layout for the CD4041UBH 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated 
Grid graduations are in mits (1 a7 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the water. When the 
wafer is separated into individual chips, the angle of 
Cleavage may vary with respect to the chip face for 
a A Bas 355) different chips. The actual dimensions of the isolated 

5 3 chip, therefore, may differ slightly trom the nominal 
dimensions shown. The user should considera tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4042B Types 


CMOS 


Quad Clocked “D” Latch 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4042B types contain four latch 
circuits, each strobed by a common clock. 
Complementary buffered outputs are availa- 
ble from each circuit. The impedance of the 
n- and p-channe! output devices is balanced 
and all outputs are electrically identical. 
Information present at the data input is 
transferred to outputs Q and G during the 
CLOCK level which is programmed by the 
POLARITY input. For POLARITY = 0 the 
transfer occurs during the 0 CLOCK level 
and for POLARITY = 1 the transfer occurs 
during the 1 CLOCK level. The outputs 
follow the data input providing the CLOCK 
and POLARITY levels defined above are 
present. When a CLOCK transition occurs 
(positive for POLARITY = 0 and negative 
for POLARITY = 1) the information present 
at the input during the CLOCK transition is 
retained at the outputs unti! an opposite 
CLOCK transition occurs. 

The GD4042B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead duattin-line plastic 
package (E. suffix), 16-lead ceramic flat 
package {K suffix), and in chip form (H 
suffix). 


ONE GF FOUR LATCHES | 
cu 














Yoo 92CS-20:90R1 
* ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 
Yss 


crock| rotanity | 
a Da eS 
2 al ES 

eae eee 
ir ee 


Fig. 1 — Logic block diagram and 
truth table. 






Features: 
Clock polarity control 
Qand G outputs 
Common clock 
Low power TTL compatible 
Standardized symmetrical output characteristics 
100% tested for quiescent current at 20 V 
Maximum input current of 1 A at 18 V over 
full package-temperature range; 100 nA at 
18 V and 25°C 
® 5-V, 10-V, and 15-V parametric ratings 
= Noise margin (over full package 
temperature range): 

1VatVpp=5V 

2VatVpp = 10 V vO See eeee 
2.5 V at Vpp = 15 V vssO—  €D4042B 
Meets all requirements of JEDEC Tentative FUNCTIONAL DIAGRAM 
Standard No. 13A, “Standard Specifications 
for Description of 'B’ Series CMOS Devices” 





Applications: 

=| Buffer storage 

®@ Holding register 

@ General digital logic 


Bxanvauns 
e 





TOP VIEW 


92CS- ZO796Ri 
TERMINAL ASSIGNMENT 


STATIC ELECTRICAL CHARACTERISTICS 
















LIMITS AT INDICATED TEMPERATURES (°C) 

Values at -55, +25, +125 Apply to D, F, K, H Pkgs. 
Values at —40,+25,+85 Apply to E Pkgs. 
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MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY -VOLTAGE RANGE, {Vpp) 








(Voltages referenced to Vgg Terminal) .........2-- ese e eee eee eee ees -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ... « O5 to Vpp t0.5V 
DC INPUT CURRENT, ANY ONE INPUT ........2. 006. c cece eee cree reece eee eet nent anne +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ty = -40 to +60°C (PACKAGE TYPE E) ....-.- 0.0 se ee eeeeeene rere teense reenter 

For T, = +60 to +85°C (PACKAGE TYPE E) ... 


For T, = -55 to +100°C (PACKAGE TYPES D, F, K) . 500 mW 





For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package TYPes)s occas eetcadseacia 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F,K,H ... sf tcies Psa ar ateionn Vorntalelorntuen ate -55 to +125°C 






PACKAGE TYPE Ewe cs citaing ate wsinteedeaientiaieie pie dies sce ¥Sis eh Red ciaa a he alelete oietetere —40 to +85°C 
STORAGE TEMPERATURE RANGE (Tgtg) .----- +0 sees cee ence eee eect eee tee e ness -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. .......... 56sec eee eee +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


LIMITS 
ALL TYPES | UNITS 
f- Jefe 

200 

100 

60 

120 

60 

50 


CHARACTERISTIC 


Supply-Voltage Range 
(For Ta=Full Package 
Temperature Range) 


Clock Pulse Width, ty 


Vppb 

(v) 
Setup Time, ts Fe | 
Hold Time, ty a 


Clock Rise or Fall 
Time: t, , t 


Not rise or falf 
time sensitive. 





ORAIN-TO-SOURCE VOLTAGE (Vps)—V 





CD4042B Types 





AMBIENT TEMPERATURE (Ta)= 25°C 


GATE-TO-SOURCE VOLTAGE (Ygs)*15 V 
































QUTPUT LOW (SINK) CURRENT To —mA 














oO $ to cy 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92C5-24318R3 


Fig. 2 — Typical output low (sink} current 
characteristics. 


AMBIENT TEMPERATURE (Ta)=25°C 
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OUTPUT LOW (SINK) CURRENT (I 
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7 5v 


3 3 1 
DRAIN-TO-SOURCE. VOLTAGE (Vps)—V 
92c3 -24s19m1 
Fig. 3 — Minimum output low (sink) current 
characteristics. 
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92C8~ 2432083 


Fig. 4 — Typical output high (source) 
current characteristics, 
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AMBIENT TEMPERATURE (Tg) = 25! 





























} 


























































































































fi 
x 
cs 
z 
4 
2? 
E 
F 
E 
iS 
- 
3 
































OUTPUT HIGH [SOURCES CURRENT(L gy) — mA 
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LOAD CAPACITANCE (C,) — pF 
9203-27635 
Fig. 6 — Typical propagation delay time vs. 
load Capacitance—data to Q. 


9205-24321R2 


Fig. 5 — Minimum output high (source) 
current characteristics, 
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Fig. 7— Typical propagation delay time vs. 
toad capacitance—data to Q. 
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CD4042B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C; input t, , t¢ = 20 ns, C, = 50 pF, 








CHARACTERISTIC 


Propagation Delay 


Time: tPHL tpLH 
Data Into Q 


Data Into 


Clock to Q 


Clock to O 






Transition 
Time: tTHL, tTLH 





Minimum Clock 
Pulse Width, ty 








Minimum Hold Time, ty 







Minimum Setup 
Time, ts 











Clock Input Rise or Fall 
Time: t,, tf 


CLOCK 


Low oara! 
LATCHEO | 









outour'| 





HIGH DATA 
{ LATCHED 


tp: tpLH teu: tec 
DTOQORG CL TOQ ORD 


NOTES: 
4, FOR POSITIVE CLOCK ENGE, INPUT DATA 1S LATCHED WHEN 
POLARITY IS LOW. 
2. FOR NEGATIVE CLOCK EDGE, INPUT DATA IS LATCHED WHEN 
POLARITY IS HIGH. 
92CS-27630 


Fig. 12 ~ Dynamic test parameters, 
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Vpp 
(v) 















Not rise or fal} 
time sensitive. 
Input Capacitance, Cj jy 
(Any Input) 





Ry = 200 KQ 


LIMITS 
ALL TYPES 


Typ. 
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POWER DISSIPATION/DEVICE (Pp}—pW 


10] = mat 







































































cH Toten 





108 10% too 108 10? 


INPUT FREQUENCY — Hz 
92C8- 3O93IKE 


Fig. 10 - Typical power dissipation vs. 
frequency. 


Yoo 





92C5- 27401RI 


ss 
Fig. 13 — Quiescent device current test circuit. 
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92cs-27637 


Fig. 8 — Typical propagation delay time vs, 
load capacitance—clock to Q 









































Fi 
é ee 
a 


as 
it 
HH 





























280] HE 98 



























































+ 
= 





















































































































































AS VE 














































































































$0) +H HH 

































































AMBIENT TEMPERATURE (Tq) «25°C 

0 20 40 60 8O-SO00—S—C*I2S—s«C 
LOAD CAPACITANCE (CL) — pF 

92c5-27638 


Fig. 9~ Typical propagation delay time vs. 
Joad capacitance—clock to Q. 









































PROPAGATION DELAY TIME (Ipy, Uppy) — ne 





















































































































































AMBIENT TEMPERATURE (Ta}=25°C 
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- HH 
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. oo 
2 \oonH epi re 
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© 0 
Fe os 
so} 
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4 60 @0 Oo 
LOAD CAPACITANCE (C,)— pF 9205-24322 
Fig. 11 — Typical transition time vs. load 





capacitance. 
Yoo 
INPUTS QUTPUTS 
fa 
Yin oa 
oe + 
° 
. I = 
NOTE 
Vss TEST ANY COMBINATION 
OF INPUTS 
92CS-27441RI 


Fig, 14 — Input voltage test circuit. 











weurs 
Yoo NOTE 

SG)> MEASURE INPUTS 

° SEQUENTIALLY, 

Vss TO BOTH Yop AND Vs; 


CONNECT ALL UNUSED 
INPUTS TO EITHER 


Yoo oR Vss 
Vss 


g2cs-27e02 


Fig. 15 — Input current test circuit. 


Chip Photograph, Dimensions, and Pad Layout 


30 40 -_ 60 70 75 


a ATE 


4 oS SS 









$9-67 
(1.499-4.701) 





2 be 1719 
T0.102-0.254) 
25 S032 
(le29= 2) 92cs-35071 


Dimensions in parentheses are in millimeters and 


are derived from the basic inch dimensions as in- 


dicated. Grid graduations are in mils (10— 3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips. the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4043B, CD4044B Types 








CMOS Quad 3-State Few: a amnon ou x 
R/S Latches ENABLE one 


[| caten 2 
baer | 12 Og, 


High-Voltage Types (20-Volt Rating) 
Quad NOR R/S Latch — CD4043B 
Quad NAND R/S Latch — CD4044B 


® Separate SET and RESET inputs for 
each latch 


LaTca 9 @ 
@ NOR and NAND configurations g ae 








® 5-V, 10-V, and 15-V parametric ratings an 

™ Standardized symmetrical output O_o 
The RCA-CD4043B types are quad cross- characteristics Poa ‘ 
coupled 3-state CMOS NOR latches and the ™ 100% tested for quiescent current at 20 V Poe 


CD4044B types are quad cross-coupled 3- 
state CMOS NAND latches. Each latch has a 
separate Q output and individual SET and 
RESET inputs. The Q outputs are controiied 
by a common ENABLE input. A logic “1” or 
high on the ENABLE input connects the 
latch states to the Q outputs. A logic “0” or 
low on the ENABLE input disconnects the 
latch states from the Q outputs, resulting in 
an open circuit condition on the Q outputs. 
The open circuit feature allows common bus- 
ing of the outputs. 

The CD4043B and CD4044B types are sup- 
plied in 16-lead hermetic dual-in-line cer- 
amic packages (D and F suffixes), 16-lead 
duat-in-line plastic packages (E suffix), 16- 
lead ceramic flat packages (K suffix), and in 
chip form (H suffix). 


EQUIVALENT E Yoo 
FNORLATCH 














= Maximum input current of 1 uA at 18 V over 


$ 13. 
full package temperature range; 100 nA at une ote ne 
big Ui oe are “38 92CS-20221K1 


® Noise margin (over full package temperature CD40438 
range): 1V at Vpp =5 V FUNCTIONAL DIAGRAM 
2 Vat Vop = 10 V 
2.5 Vat Vpp = 15 V 
| Meets all requirements of JEDEC Tentative 


Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 








® Holding register in multi-+egister system 

@ Four bits of independent storage with 
output ENABLE 

® Strobed register 

® General digital logic 

@ CD4043B for positive logic systems 

@ C04044B for negative logic systems 























04 1° a4 1e 
ar —42 NC 2 
RI 3 St 3 
st 4 RI 4 
ENABLE 5 ENABLE 5 
$2 6 R2 6 
= R2 7? $2 ¥ 
8 ss 8 
NaND La - i $6 bias ‘ TOP VIEW 
“BU 7 1 > WALL INPUTS PROTECTED TOP VIEW  g2cs.24476R! 92cs-24477R1 
7 PROTECTION NETWORK NC#NO CONNECTION NC «NO CONNECTION 
cD40438 = TERMINAL ASSIGNMENTS cososae 
SR 
x x 
oo 
10 
o1 ° 
CD4044B am 14.4 A 
, p “OPEN CIRCUIT 
Fig. 1 — Logic diagrams. eho CHANGE. +NO CHANGE 
4 DOMINATED BY S=1 INPUT 2.4 DOMINATED BY R=O INPUT 
; 92CS-20212 
MAXIMUM RATINGS, Absolute-Maximum Values: fees 202i cp40438 ne 
DC SUPPLY-VOLTAGE RANGE, (Vpp) TRUTH TABLES 
(Voltages referenced to Vgg Terminal) .......... ccc cece cere reece eee ee eee e et tn eee eeee -0.5 to +20 V Recommended Operating Conditions T,=25°C 
INPUT VOLTAGE RANGE, ALL INPUTS ........... 0 cece reece eet eee $65 SS aaa -0.5 to sO 4 For maximum reliability, nominal operating 
DBC INPUT CURRENT, ANY ONE MEAL pede a os Senate Mea stie ete sey eae sea et ee +10 m. conditions should be selected so that opera- 
POWER DISSIPATION PER PACKAGE (Pp): tion is always within the following ranges. 
For Ta = -40 to +60°C (PACKAGE TYPE E) ... 0-2... c cece cece ence ee teen eee e nee eeees 500 mW — 
For Tq = +60 to +85°C (PACKAGE TYPE E) .....-...-...--2 005 Derate Lineariy at 12 mW/°C to 200 mw Characteristic 
For Ta = -§5 to +100°C (PACKAGE TYPES D, F, K) . 2.0... ce eee ce cece e cence rete eee er eenene 500 mW 
For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) .......... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: Supply-Voltage Range 
For T, = FULL PACKAGE-TEMPERATURE RANGE (Alll Package Types) ......06.0. see eeee ees 100 mw (Ty = Full Package 


OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES D, F, K, H -55 to +425°C 





PACKAGESTYPE- Bo sice ccorsaata ged ee odes ctetay Sauda pie wee Doub er aia bes « 40 to +85°C 
STORAGE TEMPERATURE RANGE (Tog) .. 6.0 cece ee crete eee tener eee eneeeaeteenenes -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 105 Max. .........6-- eee eee enone +265°C 


Temperature Range) 
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CD4043B, CD4044B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C} 
CONDITIONS Values at -55, +25, +125 Apply to D, F,K,H Packages 
CHARACTER- Values at —40, +25, +85 Apply to E Package 


Quiescent Device | - | 
Current, 
'pp Max. 


Es 
OutputLow | _04 | 05 | 5 | 064 | 
(Sink) Current [9.5 [0,10] 10 | 16 | 
torMi [15 tors] 15 [42 | 
Ouaput High [46 [os | 5 |-o.a 
ource | 5 | -2 | 
Current, EUR 
sie 
Output Voitage: | - | ey 
Low-Level, 
ae ae 
| 5 | 











Output Voltage: 


Sa) 

a 
High-Level, | - [o 
ha 

10.5, 4.5 | 


[os 
pos 
[2.10] 
[ras_fors, 
| 95 | 
[o.10) 
ros) 
Fos | 


VOH Min. 


Input Low 
Voltage, | 1,9 | 
Vit Max. 16136 


Input High | 0.5, 4.5 | 
| 1.9 | 


Voltage, 


VIH Min. 1.5, 3.5 


Input Current 
lin Max. 
3-State Output 


Leakage Current] 0,18 
touT Max. 


= 
on 

























































































































































































































































































































































































































































































































































































































































































AMBIENT TEMPERATURE (Ta)= 25°C: 1 AMBIENT TEMPERATURE (Tq)=25 °C eascasacsus] ORAIN~ TO-SOURCE vane cae 
; Hot HS £ Hiatt daa tay tt =15 =x =! ° 
¢ Tht tte i eas AMBIENT TEMPERATURE (Ta)=25°C, 
* +445 i + : 
4 bag casseaces: th = F He Sfessessuegessteni GATE-TO-SOURCE VOLTAGE (Vgs)=-9V Ls ¢ 
of " jane! } i 4 
P30 GATE-TO-SOURCE VOLTAGE (Vggivi8 V 14 3% etch saat : F; 
é aoe 7 z 
5 asl th Saas SH GaTE- TO-SOURCE VOLTAGE (ves) SV og 
« é + é 
& & He isiaaes Lis 
8 ag es Lan Toth ereeges 4 
z Eenerreaeaseevesarescees be # seca gecesscsseeel 3 2 
Zz res neeonees Z t lov -20%% 
2 5 1OV ped beast 255 lov th tt g 
z = aes SST 3 
8 : r: z Ht +25 8 
rt 19 3 3 
& rt + 2 T z -15V) -30= 
5 i 
4| SY. 5 25) ¢ + i=9 
[. 3 eM t + | to oe 
& 
5 
° 5 0 5 fo 5 0 5 te : + i tf Lg 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V DRAIN-TO-SOURCE VOLTAGE (Vps}—V E 
aoc canea 
a7g-7a7 96 ange paacons 
Fig. 2 — Typical output fow sink) Fig. 3 — Minimum output low (sink) Fig. 4 — Typical output high (source) 
current characteristics. current characteristics. current characteristics, 
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CD4043B, CD4044B Types 




























































































































































































































































DYNAMIC ELECTRICAL CHARACTERISTICS at Tq = 25° C, Input t,, ty = 20 ns, DRAINST OP SOURCE: MOLTAGE: (N08) —¥ 
CL = 50 pF, Ry Lod 200 KQ AMBIENT TEMPERATURE Tan BCH A ; 1 
f Eine ; - AVMRRREAROAS {¥ggh*-5 ¥ é 
HHH ie H Ht $ 
CHARACTERISTIC HERE ° 
Propagation Delay H tH Peg 
Time: tPpHL: tPLH 7 i } a 
SET or RESET to Q HTH 8 
3-State Propagation Delay £ HH ease: i : H : 
Time: ENABLE to Q secesifpeceeasiaes HHH f 3 




























































































































teyz, tezH 





92cs-2aszine 





Fig. 5 ~ Minimum output high (source) 
current characteristics. 
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AMOIENT TEMPERATURE (Tale25°C 
Transition Time: 2 
I 
‘THL 'TLH H 
— : 
Minimum ¥ 
SET or RESET Fe 
Pulse Width, ty : 
3 
Input Capacitance, £ 
(Any Input) 20) 
oO % ° 
LOAD CAPACITANCE (C. )— pF ane 
oxs- 
AMBIENT TEMPERATURE (Talezsec TTI TT PT Fig. 6 — Typical transition time vs. 
: Shoat pete > load capacitance. 
a a 
BI | 
ef @ Yoo 
i la 3 
3 & INPUTS 
% 5 = 
Fy eG s Et ace 
a 4 
% 10? if me 
3 ASV 3 sesh LOAD CAPACITANCE 
g x CUrI5 oF 
z +H x 10 CL + 90 BF. 
§ as g sao a tere 
ttt +t ia th +. fs: 
£ L 
— “ 
Lo} 1 20 ww 90 100 
LOAD CAPACITANCE (CL) pF 10? 10° 10° 10° 107 
92C8. 27708 INPUT FREQUENCY — Hz 92cs- 20201 Vg 
Fig. 7 — Typical propagation delay time Fig. 8 — Typical power dissipation vs. 92¢8- 27401R1 
vs. load capacitance—SET, frequenc 
aa. req M Fig. 9 — Quiescent device current, 
RESET to Q, 
Yoo 
Yoo 
INPUTS OUTPUTS 
¢ INPUTS Yoo 
He . Ypo NOTE 
° Sa) ag MEASURE INPUTS OUTPUT 
Mie . ° SEQUENTIALLY, 
= Vss = TO BOTH Vpp AND Vs 
— CONMECT ALL UNUSED 
NOTE: INPUTS TO EITHER 
Vv TEST ANY COMBINATION Yop OF Vg 
a OF INPUTS 
vss cp4044e cos043B 
92C8-27041RI ence =e ra03 Yoo a 9205-27707 
Fig. 10 — input voltage. Fig. 11 — Input current. Fig. 12- Switch bounce eliminator. 
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CD4043B, CD4044B Types 


é 0 
50% som ° 
ENAGLE Yss 
POINT T 10% toyz - we U/3Y, 
ENABLE Untevp te Vs) ene ee 






POINT A 2/3 Vop 











Z*HIGH IMPEDANCE (IN*Vgg, Ne Vp) 
‘eze "UV 00 
jet 
Fig. 13 ~ ENABLE propagation delay time test circuit and waveforms. 
CHIP PHOTOGRAPHS | ar a 
DIMENSIONS AND PAD LAYOUTS Bus A EI 
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(1.880-2.082) toao BO 
ENABLE AC + 
ouTPuT 
DATA 
aus 
es 8 “coaoor TO 
ae n S 
| 7-H 4 é +1 2/3 coaoes 
10 12 9 
-10 BUS C 6 u_ | 14] a ian 
kr 102 ~0,254) iB 3{004043 | 
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Fig. 14 — Multiple bus storage. 











40— 74-82 
(1,880-2.082) 










































































Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 


(0. ion2 S 254) The photographs and dimensions of each CMOS chip 
62-70 represent a chip when it is part of the wafer. When the 
(1.575-1.778) 92CS-2775' wafer is separated into individual chips, the angie of 


Gleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 

CD4044BH dimensions shown. The user should consider a tolerance 
of —3 mits to +16 mils applicable to the nominal 
dimensions shown. 
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CD4045B Types 


CMOS 21-Stage Counter 


High-Voltage Types (20-Volt Rating} 


The RCA-CD4045B is a timing circuit con- 
sisting of 21 counter stages, two output- 
shaping flip-flops, two inverter output drivers, 
and input inverters for use in a crystal oscil- 
lator. The CD4045B configuration provides 
21 flip-flop counting stages, and two flip- 
flops for shaping the output waveform for a 
3.125% duty cycle. Push-pull operation is 
provided by the inverter output drivers. 


The first inverter is intended for use as a 
crystal oscillator/amplifier. However, it may 
be used as a normal logic inverter if desired. 
A crystal oscillator circuit can be made less 
sensitive to voltage-supply variations by the 
use of source resistors. In this device, the 
sources of the p and n transistors have been 
brought out to package terminals. If external 
resistors are not required, the sources must 
be shorted to their respective substrates (S, 
to Vop. Sy to Vgg).- See Fig. 1. The first 
inverter in conjunction with an outboard 
inverter, such as 1/6 CD4069, and Ry, Cy, 
and Rg can also be used to construct an 
RC oscillator. The following data is supplied 
as a guide in the selection of values for Rx, 
Rg, and Cy used in Fig. 11: 

1.Ry max = 10 MQ with Rg = 10 MQ 

and Cy = 50 pF 
2.Cy max = 25 WF with Rg = 
and Ry = 60 kQ 


The CD4045B types are supplied in 16-lead 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


560 kQ. 


Applications: 


® Digital equipment in which ultra-low dissi- 
pation and/or operation using a battery 

_ source is required. 

® Accurate timing from a crystal oscillator 
for timing applications such as wall clocks, 
table clocks, automobile clocks, and digital 
timing references in any circuit requiring 
accurately timed outputs at various inter- 
vals in the counting sequence. 

® Driving miniature synchronous motors, 
stepping motors, or external bipolar tran- 
sistors in push-pull fashion. 


Features: 


= Very low operating dissipation... . . 
<1 mW (typ.) @Vpp = 5 V, fo= 1 MHz 

8 Output drivers with sink or source capability... . . 
7 mA (typ.) @ Vpp = 5 V 

@ Medium speed (er. . £6=25 MHz @Vpp=10V 

® 100% tested for quiescent | current at 20 V 

@5-V, 10-V, and 15-V parametric ratings 

s Meets all requirements of JEDEC Tentative Standard 
No. 13A, Standard Specifications for Descripiton of 
‘B’ Series CMOS Devices” 








4, 5,6,9,10,11 ,12,13« 
NO CONNECTION 


9205 - 2910781 


FUNCTIONAL DIAGRAM 





MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal} : 0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT : +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40 to +60°C (PACKAGE TYPE E) - $00 mw 

For Ta = +60 to +B85°C (PACKAGE TYPE E) . . Derate Linearly at 12 mW/°C to 200 mW 

For Ta = —55 to +100°C (PACKAGE TYPES D, F, K). 500 mW 


For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) - Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (Al! Package Types) 
OPERATING-TEMPERATURE RANGE an 

PACKAGE TYPES D, F, K, H é 

PACKAGE TYPE E 
STORAGE TEMPERATURE RANGE Tstg j : 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max, 


100 mw 

—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


+265°C 





ee ee 3 = = 3 3 -4 














y 


a bese sec 
ee SEC (—— 


COMPONENTS: 


REFER TO APPLICATION NOTE 

ICAN 6086'FOR THE CHOICE OF 
OSCILLATOR COMPONENT VALUES 
AND TYPICAL OSCILLATOR CURRENTS 


SCHEMATIC OF 
FIRST INVERTER 
920M- 291061 


Fig. 1 ~ CD4045B and outboard components in a typical 21-stage counter application. 
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CD4045B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) U 
Values at-55, +25, +125 Apply to D,F,K,H Packages | y 
CONDITIONS j} Values at —40,+25,+85, Apply to E Package I 













CHARACTERISTIC 


: 
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a 





Quiescent Device 
Current, [pp Max. 
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Output Low (Sink) 
Current Io, Min. 
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Output High (Source} 
Current, IQH Min. 
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Current, lou: 'ou 9,13. ' 
Output Voltage: | - [05] | - | — | 0.05 
Low-Level, | = [0,10] 10 | | = | = [0.05 
Pe cfael eee aol a 
Output Voltage: | - jos 4.95 | 4.95] . 5] 
High-Level, | — _|o,10] 10 | | 9.95] 10 
(Genk Cow fosas|—- | 5] ee 
Voltage | 1.9 [=| 10 | Se ee ee) 
viumex  [rengal=[ws[ + Sid T - | a 
Input High [0.5,4.5|—| 5 | ee 
Voltage, GS Ea eS aries Salas Pre es 
Mi Mie =U e le ee ee S| 
Poe pelef fe] pal pele 
lin, Max. 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges 


CHARACTERISTIC 


Supply-Voltage Range (For T, = Full Package- 
Temperature Range) 


Minimum Input-Pulse Width, tw 


Maximum Input—Pulse Frequency, fo 
(External Pulse Source} 
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CD4045B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input t,, tf = 20 ns, 


Cy = 50 pF, Ry = 200 kQ 


CHARACTERISTIC 


Propagation Delay Time: 
¢ to y or y+d out 


tPHL: 'PLH 


Transition Time: 


tTHL: tTLH 
Minimum tnput-Pulse Width 


tw 
Input-Pulse Rise or Fal! Time: 


th, te 
Maximum tnput-Putse 
Frequency: 
(External Pulse Source) i) 


Variation of Output Frequency 
(Unit-to-Unit} 


(See Fig. 11) 


fose 


ORAIN~TO-SOURCE VOLTAGE (Vps)—V 


AMBIENT TEMPERATURE (Ta}*2$°C 


GATE SOURCE VOLTAGE (Vgg)*-$V 














IOV) 



























































baad 


Fig. 4— Typical output high (source) current 


characteristics. 


TEST 


CONDITIONS 


Typ. 
2.2 





DRAIN~TO-SOURCE VOLTAGE (Vos)—V 


AMBIENT TEMPERATURE (Ta)s 25°C: 11+) 
44 
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OUTPUT HIGH (SOURCE) CURRENT (Ton)—rmA. 
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-i8 V: 
secs 31342 


characteristics. 


GATE SOURCE VOLTAGE (Vvg5)*~SV} 


RX 
& 
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8 
GUTPUT HIGH (SOURCE) CURRENT (IoH)—ma 





92CS-31343. 


Fig. 5 — Minimum output high (source) 





EMGIENT TEMPERATURE (Ta)-25°C 
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POWER DISSIPATION {Pp)—.W 

































































INPUT FREQUENCY (fgy)—hiz 


Fig. 7 — Typical power dissipation as a function of 
input frequency (21 counting stages). 


2 46022 468552 46842 468 


MAXIMUM INPUT-PULSE FREQUENCY (fg 7)—MHz 





@ 6 6 §& © 2 4 
SUPPLY VOLTAGE (Vp9)—V 
‘92CS~31345 





8 2 


92CS-31346 


Fig. 8 — Typical maximum input-pulse frequency 
as a function of supply voltage. 
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AMBIENT TEMPERATURE (Ta)=25°C 
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9205-31340 
Fig. 2 — Typical output law (sink) current 
characteristics. 
oo} 15V 
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92C$-31341 
Fig. 3 — Minimum output low {sink} current 
characteristics. 
25, AMBIENT TEMPERATURE (Ta)*25*C 
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Fig. 6 ~ Typical propagation delay time as a 
function of supply voltage (go; toy 
ory+daut vs. Vpp. 


















































Oey =F: AMBIENT TEMPERATURE (Ta)*25¢C| 
6 7 Vop*5, 10, 0R IS V 
+ Rs*560 kO 

# oll. vin LU 

i oft 1 iff 

g 4 t ae 

g 4 {tt 

3 \ L | t | 

Bo HH 

Fy ‘of ances 

# ¢ } t—. 

= 4 +—+-4 

5 

& 

3 

2 













































































2 a6e es? 468 a? a fest ey 
CAPACITANCE (Cy)— pF g2cs-3aT 
Fig. 9 — Typical RC oscillator frequency as a 
function of capacitance (Cy), 
See Fig. 11. 
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AMBIENT TEMPERATURE {Ta)=25°C| 
a “T Yoo +5, 10, OR SV 

Cx +50 pF 
Rg=1Ma 
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RESISTANCE (Ry}~hO. 
92C3-31946 


Fig. 10 — Typical RC oscillator frequency as a 
function of resistance (Ry), 


See Fig. 11. 
Yoo 
INPUTS OUTPUTS 
Vie 
oe 
° 
Yau 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
92CS-2744)R1 


Fig. 13 — Noise-immunity test circuit, 


cy 


TO COUNTER 





V6 cD4069 
OR EQUIVALENT 





92CS-31349 


Fig. 11 — Typical RC circuit. 


INPUTS 


Vop NOTE: 


MEASURE INPUTS 
SEQUENTIALLY, 


ss TO BOTH Vpp AND Veg; 


CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OF Vgs- 
Vss 92¢8-27902 
Fig. 14 — Input-leakage-current test circuit. 






















































































80-88 
(2,032-2.235) 


















































4-10 
(0.102- 0.254 








97-105 cae 9 
(2 463- 2.667 





92CM- 31355 


Dimensions and pad layout for CO4045B. 


Dimensions in parentheses are in millimeters and 
are derived fram the basic inch dimensions as in- 
Gicated. Grid graduations are in mils (10~3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the waler. When the 
wailer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
differant chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown, The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominat 
dimensions shown. 


CD4045B Types 


Yoo 





Vss 
92C5-27401R1 


Fig. 12 — Quiescent-device-current test circuit. 


SVAebUD 





= 9208-31380 


Fig. 15 — Dynamic power dissipation test circuit. 


TERMINAL DIAGRAM 
Top View 


2 
3 
4 
5 
6 
7 
8 





92C8-24478R2 
NC=NO CONNECTION 


NOTE Observe power-supply terminal connec- 
tions, Vop is terminal No. 3 and Vss is 
terminal No. 14 (not 16 and 8 respec- 
tively, as in other CD4000B Series 16-lead 
devices). 
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CD4046B Types 


CMOS Micropower 
Phase-Locked Loop 


The RCA-CD4046B CMOS Micropower 
Phase-Locked Loop (PLL) consists of a low- 
power, linear voltage-controlled oscillator 
(VCO) and two different phase comparators 
having a common signal-input amplifier and 
a common comparator input. A 5.2-V zener 
diode is provided for supply regulation if 
necessary. 


The CD4046B types are supplied in 16-lead 
ceramic dual-in-line packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


VCO Section 


The VCO requires one external capacitor C1 
and one or two external resistors (R1 or R1 
and R2). Resistor R1 and capacitor C1 
determine the frequency range of the VCO 
and resistor R2 enables the VCO to have a 
frequency offset if required. The high input 
impedance (101222) of the VCO simplifies 
the design of low-pass filters by permitting 
the designer a wide choice of resistor-to- 
capacitor ratios. In order not to load the 
fow-pass filter, a source-follower output of 
the VCO input voltage is provided at terminal 
10 (DEMODULATED OUTPUT). If this 
terminal is used, a load resistor (Rs) of 10 
kQ or more should be connected from this 
terminal to Vss. If unused this terminal 
should be left open. The VCO can be con- 
nected either directly or through frequency 
dividers to the comparator input of the 
phase comparators. A full COS/MOS logic 
swing is available at the output of the VCO 
and allows direct coupling to COS/MOS 
frequency dividers such as the RCA-CD4024, 
CD4018, CD4020, CD4022, CD4029, and 
CD4059. One or more CD4018 (Preset- 
table Divide-by-N Counter) or CD4029 (Pre- 
settable Up/Down Counter), or CD4059A 
(Programmable Divide-by-’’N’ Counter), to- 
gether with the CD4046B (Phase-Locked 
Loop) can be used to build a micropower 
Jow-frequency synthesizer. A logic 0 on the 
INHIBIT input ‘“enables’’ the VCO and the 
source follower, while a logic 1 ‘turns off” 
both to minimize stand-by power consump- 
tion. 


Features: 
® Very low power consumption: 
70 pW (typ.) at VCO f, = 10 kHz, Vpp = 5 V 
@ Operating frequency range up to 1.4 MHz (typ.) 
at Vpp = 10 V, RI = 5 kQ 
= Low frequency drift: 0.04%/°C (typ.) at Vpp = 10 V 
® Choice of two phase comparators: 
Exclusive-OR network (I) 
Edge-controlled memory network with phase-pulse 
output for lock indication (I) 
® High VCO linearity: <1% (typ.) at Vpp = 10 V 
® VCO inhibit control for ON-OFF keying 
and ultra-low standby power con- 
sumption 
® Source-follower output of VCO control 
input (Demod. output) 
® Zener diode to assist supply regulation 
® Standardized, symmetrical output 
characteristics 
™ 100% tested for quiescent current at 20 V 
#5-V, 10-V, and 15-V parametric ratings 
= Meets all requirements of JEDEC Tentative 
Standard No. 13A,’Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


TOP VIEW 


92¢8-20757R! 


TERMINAL ASSIGNMENT 





Applications: 

# FM demodulator and modulator 

® Frequency synthesis and multiplication 

© Frequency discriminator 

@ Data synchronization 

@ Voltage-to-frequency conversion 

§ Tone decoding 

= FSK — Modems 

® Signal conditioning 

@ (See ICAN-6101) “RCA COS/MOS 
Phase-Locked Loop — A Versatile 
Building Block for Micropower 
Digital and Analog Applications” 


cr 





* ALU INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 


ss 
ss 





ANHIGIT 


92cS- 29172 


Fig.1 — COS/MOS phase-locked loop block diagram. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) ........... 


INPUT VOLTAGE RANGE, ALL INPUTS .. 


DC INPUT CURRENT, ANY ONE INPUT .......-..- 


POWER DISSIPATION PER PACKAGE (Pp): 


For Ta = -40 to +60°C (PACKAGE TYPE E) ...... 
For Ta = +60 to +85°C (PACKAGE TYPE E) ...... 
For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
For Ty = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................- 100 mW 


OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E ........... 0s cece eenee 

STORAGE TEMPERATURE RANGE (Tstg) 

LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. .......-- 0 eee cece ee ees +265°C 
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Phase Comparators 


Ais Stata e atc sta gu NOM ta die coat Sele -0.5 to +20 V The phase-comparator signal input {terminal 

icin ie Wei oye, aSosareTe pee nals -0.5 to Vpp +0.5 V 14) can be direct-coupled provided the signa! 

LeciaieVajarne Hate de gyale BYERS on outa ne hates +10 mA swing is within COS/MOS logic levels [logic 

"0" <30% (Vpp—Vss), logic ‘1"’ 2 70% 

Sate iharns ee wrece Mees’ ae ee Reay atigete set 500 mw (Vpp--Vss)]. For smaller swings the signal 

Bier ars Derate Linearly at 12 mW/°C to 200 mw must be capacitively coupled to the self- 
rN NG CURES Mat amc taddgeaSo' 500 mW biasing amplifier at the signal input. 


Phase comparator I is an exclusive-OR net- 
work; it operates analagously to an over- 
driven balanced mixer. To maximize the lock 
range, the signal- and comparator-input fre- 
quencies must have a 50% duty cycle. With 
no signal or noise on the signal input, this 
phase comparator has an average output 
voltage equal to Vpp/2. The low-pass filter 
connected to the output of phase comparator 


-55 to +125°C 
-40 to +85°C 
-65 to +150°C 








RECOMMENDED OPERATING CONDITIONS at Tq = Full Package-Temperature Range 
For maximum reliability, nominal operating congitions should be selected so that 


Operation is always within the following ranges: 
LIMITS UNITS 


CHARACTERISTIC 


Supply-Voltage Range VCO Section: 
As Fixed Oscillator 
Phased-Lock-Loop Operation 












Supply-Voltage Range Phase Comparator Section: 
Comparators 
VCO Operation 







The selected external components must be 
within the following ranges: 
5kQ<R1, R2, Rg <1 MQ 


DESIGN INFORMATION 


This information is a guide for approximating 
the values of external components for the 
CD4046A in a Phase-Locked-Loop system. 


C1 > 100 pF at Vpp > 5 V; 


C1 > 50 pF at Vpp > 10 V 











Phase 
Comparator 
Used 








Characteristics Design tnformation 





VCO Frequency 







Yoo’? “po 


VCO INPUT VOLTAGE 
‘S2CS-20012% 


Same as for No.1 


VCO will adjust to center frequency, fg 









For No, Signal Input 









2 






Frequency Lock 
Range, 2 fL 






Frequency Capture 
Range, 2 fc 












1" R3 our 
Loop Filter z ; ne 
Component or 2 fc, see Ref. (2) 
Selection Ea 






92C5-2:90 


2 fo =f. 
1 


90° at center frequency (fg) approximating 0° 
and 180° at ends of lock range (2 f,) 
Always 09 in lock 







Phase Angle Between 
Signal and Comparator 






















Low 


2 
Center Frequency No 


Signal Input 
Noise Rejection 


For further information, see 
(1) F. Gardner, ‘‘Phase-Lock Techniques” John Wiley and Sons, New York, 1966 
(2) G. S. Moschytz, ‘‘Miniaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965. 





CD4046B Types 


I supplies the averaged voltage to the VCO 
input, and causes the VCO to oscillate at the 
center frequency (fg). 

The frequency range of input signals on 
which the PLL will lock if it was initially 
out of lock is defined as the frequency cap- 
ture range (2f¢). 

The frequency range of input signals on 
which the loop will stay locked if it was 
initially in lock is defined as the frequency 
lock range (2f). The capture range is < the 
lock range. 

With phase comparator I the range of fre- 
quencies over which the PLL can acquire 
lock (capture range) is dependent on the 
low-pass-filter characteristics, and can be 
made as large as the lock range. Phase-com- 
parator I enables a PLL system to remain 
in lock in spite of high amounts of noise 
in the input signal. 

One characteristic of this type of phase com- 
parator is that it may lock onto input fre- 
quencies that are close to harmonics of the 
VCO center-frequency. A second charac- 
teristic is that the phase angle between the 
signal and the comparator input varies be- 
tween 0° and 180°, and is 90° at the center 
frequency. Fig. 2 shows the typical, trian- 
gular, phase-to-output response characteristic 
of phase-comparator J. Typical waveforms 
for a CMOS phase-locked-loop employ- 
ing phase comparator I| in locked condition 
of fg is shown in Fig. 3. 


AVERAGE OUTPUT 
VOLTAGE 


< 
s 
° 


Ypo/2 





AVERAGE OUTPUT VOLTAGE —V 


° 90° go" 
SIGNAL~TO- COMPARATOR 
INPUTS PHASE DIFFERENCE 


g2cs-20009 


Fig.2 — Phase-comparator | characteristics 
at low-pass filter output. 


SIGNAL INPUT (TERM. 14) J l J l 
VCO OUTPUT (TERM 4)= 

COMPARATOR INPUT J l j 
(TERM 3) 


PHASE COMPARATOR I 
OUTPUT (TERM. 2) 


—VYoo 
VCO INPUT (TERM. 9)= ee” 
* LOW-PASS FILTER 
OUTPUT —Vss 
92C$-20010R1 


Fig. 3—Typical waveforms for CMOS phase-locked 
foop employing phase comparator in locked 
condition of fo. 


Phase-comparator If is an edge-controlled 
digital memory network. !t consists of four 
flip-flop stages, control gating, and a three- 
state output circuit comprising p- and n-type 
drivers having a common output node. When 
the p-MOS or n-MOS drivers are ON they 
pull the output up to Vpp or down to 
VSs, respectively. This type of phase com- 
Parator acts only on the positive edges of 
the signal and comparator inputs. The duty 
cycles of the signal and comparator inputs 
are not important since positive transitions 
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STATIC ELECTRICAL CHARACTERISTICS 























Output Low 
(Sink) Current 





(Source) 
Current, 


Output Voltage: 
Low-Level, 





Voltage: 
High-Level, 
Vou Min. 











Total Device 
Current, ipp Max. 
Term. 14 open, 
Term.5=Vpp 










Term. 14 = Vgg 
or Vpp,. Term. 5 


=Vpp 


Output Low 
(Sink) Current 
lor Min. 





Output High 
(Source) 
Current 
lon Min. 









DC-Coupled 
Signal Input and 
Comparator Input 
Voltage Sensitivity 

Low Level 

Vit Max. 


High Level 
Vin Min. 






= 


‘ _ 
© 


control the PLL system utilizing this type 
of comparator. If the signal-input fre- 
quency is higher than the comparator-input 
frequency, the p-type output driver is main- 
tained ON most of the time, and both the 
n and p drivers OFF (3 state) the remainder 


Input Current 
UN Max. 


Phase Comparator Section 


IMITS AT INDICATED TEMPERATURE (°C) |U 


u 
CONDITIONS Values at-55, +25, +125 Apply to D, F, K,H Packages N 
Values at —40, +25, +85 Apply to E Package . 
Vo Vin Se0) cask ye | s 
) lw) 40 _| +05 |+125 [Min. | Typ. | Max, 








a 
eS 
rx) 
a 


of the time. If the. signal-input frequency 
is }ower than the comparator-input frequen- 
cy, the n-type output driver is maintained 
ON most of the time, and both the n and 
p drivers OFF (3 state) the remainder of 
the time. If the signal- and comparator- 





Tos] 5 [osa[ ocr] 042] 036] 
forofio | ef rs{ 1a] oa 
ES SD 
[05] 5 |-o64 |-0.61 | -0.42|-0.36) 
Posts [ -2{-18{ -13/1.15| 
0,10] 10_| -1.6 | -1.5 |_-1.1} -0.9| 
ois [15 | -42] -4 | -28] -24] 
pos | 5 | 

9.10) 
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or 
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input frequencies are the same, but the 
signal input lags the comparator input in 
phase, the n-type output driver is main- 
tained ON for a time corresponding to the 
phase difference. If the signal- and com- 
parator-input frequencies are the same, but 
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CD4046B Types 


STATIC ELECTRICAL CHARACTERISTICS the comparator input lags the signal in phase, 
LIMITS AT INDICATED TEMPERATURE (°C) the pecrpe output: driver ts mainmined: 2) 


for a time corresponding to the phase dif- 
Values at -55, +25, +125 Apply to D, F, K,H Packages! ference. Subsequently, the capacitor voltage 
Values at —40, +25, +85 Apply to E es 


of the low-pass filter connected to this phase 
Vo | VIN yoo 
+85 [+125 eee 


comparator is adjusted until the signal and 
Phase Comparator Section {cont’d) 


comparator inputs are equal in both phase 
and frequency. At this stable paint both p- 
Current, 0,18 40.1 +0.2 +105 | 40.1 
lout Max. 


and n-type output drivers remain OFF and 
*Limit determined by minimum feasible leakage current measurement for automatic testing. 



















CHARAC- 
TERISTIC 


CONDITIONS 










thus the phase comparator output becomes 
an open circuit and holds the voltage on the 
capacitor of the low-pass filter constant. 
Moreover the signal at the ‘phase pulses”’ 
output is a high level which can be used for 
indicating a locked condition. Thus, for 
phase comparator II, no phase difference 
exists between signal and comparator input 
over the full VCO frequency range. More- 
over, the power dissipation due to the low- 
pass filter is reduced when this type of phase 
comparator is used because both the p- and 
n-type output drivers are OFF for most of 
the signal input cycle. It should be noted 
that the PLL lock range for this type of phase 
comparator is equal to the capture range, 
ELECTRICAL CHARACTERISTICS at Ta = 25°C Ing eeee Or phe lol pase titel = Mit ne 

signal present at the signal input, the VCO 


CHARAC- ane is adjusted to its lowest frequency for phase 


TERISTIC ALL -__abt TPES comparator Il. Fig. 10 shows typical wave- 
FEST CONRIIONS UNITS forms for a CMOS PLL employing phase 


comparator Il in a locked condition. 


Input Current 
Sin Max. 
(except Term.14) 










3-State Leakage 












=10kH 
Operating Power ad ss 


Dissipation, Pp 


AMBIENT TEMPERATURE (Ty) = 25°C 
VCOyy* Vpp/2,.R2 * ©, INHIBIT = Vgg 





| C,=50 pF 
Ro =00 


aD T 
TYPICAL CENTER FREQUENCY 
‘TO-UMT VARIATION 


Maximum 
Operating 
Frequency fmax 








CENTER FREQUENCY (fy}— Hr 


Center Frequency 
(fg) and Frequency 
Range 


(fmax—fmin) 











Programmable with external components R1, R2, and C1 
See Design information 





L y 
os 104 103 wz 0! \ 10 
VCO THING CAPACITOR (C)-—yF — gacg-30347 
Fig. 4 — Typical center frequency as a function of 
Cland Rlat Von =5V, IOV, and 15 V. 


Linearity 





Temperature - 
Frequency 
Stability: 

No Frequency 
Offset fryiny = 0 





SUPPLY VOLTAGE (Vpp)= OV 
VEO * Yop /2. Ree INMEIT + Vag 








Frequency 
Offset 


Output Duty 

Cycle t ‘ wl Lo 
wee to-8 1o-4 to-3 1o72 lo“! t 10 

Output Transition VCO TIMING CAPACITOR (CI) uF — g2cs-s0953 


CENTER FREQUENCY (fo) — Hz 




















Times, Fig. 5 — Center frequency as a function of C1 and 
trout Rl for ambient temperatures of 
TLH “58°C to 125°C. 
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ELECTRICAL CHARACTERISTICS at Tq = 25°C 











CHARAC- 
TERISTIC 









TEST CONDITIONS 















LIMITS 
Vpp ALL TYPES UNITS 
(v} 





VCO Section (cont‘d) 






Source-Follower 
Output (Demodv- 
lated Output): 
Offset Voltage 

(VCOin-VpeEm) 


Linearity 


Zener Diode 
Voltage (V,} 






Zener Dynamic 
Resistance, R 
















Phase Comparator Section 


Term. 14 (SIGNAL 5 1 2) —- 
IN) Input 10 : 04] —- {M2 
15 i 0.2 - 








oo 
7” nN 


Resistance Riq 


AC Coupled 
Signal Input 
Voltage Sensi- 
tivity*® (peak- 
to-peak) 








finy = 100 kHz, 
sine wave 








330 | 660 | mV 









Propagation Delay 
Times, Terms. 14 
to 13: High to 

Low Level, tpyy 












Low to High 
Level, teLH 


ae 
noun 
oN 
Ron 
aow 
- Nb 
oon 
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3-State Propagation 
Delay Times, 
Terms. 14 to 13: 
High Level to 
High Impedance, 
tPHZ 






Low Level to 
High Impedance, 
tPLZ 


Input Rise or Fall 
Times, t,, tt 
Comparator 

Input, Term. 3 











See Fig. 5 for Phase Comp. II 
output loading 








Signa! Input, 
Term. 14 


Output Transition 
Times, ttHi tTLH 





* For sine wave, the frequency must be greater than 10 kHz for Phase Comparator IL. 
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Fig. 6 — Typical frequency offset as a function of 
Cl and R2 for Vop = 5 V, 10 V, and 
18 V. 
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VCO TIMING CAPACITOR (CI) — nF 
Fig. 7 ~ Frequency offset as a function of 
C1 and R2 for ambient gemper- 
atures of -5§ C to 125 C. 
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Fig. 8 — Typical tMA x/EMIN as a function of 
R2/R1. 
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VCO POWER DISSIPATION (Pp)—»W 








Ai —ho Of S- 3OR4B 
Fig. 9 — Typical VCO power dissipation at center 
frequency as a function of R1. 
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SIGNAL INPUT (TERM, 14) Fh PL = i 
to 
VCO OUTPUT (TERM 4)= Yoo tL 
COMPARATOR INPUT ee ee ee ie e£ 
(TERM 31 oka z 
PHASE COMPARATOR Ir vy 2 104 
OUTPUT (TERM. 13} a Eee ee een _ 00 PHASE 13 20Ka = 10 
maa | lon COMPARATOR IL & 
a uUTPUT ¢ 
VCO INPUT (TERM. 9)3 OR 00 2 Ka 2 
« LOW-PASS FILTER ~Yss 2 198 
OUTPUT « 
“Vf Ve w 
PHASE PULSE (TERM () I om | Nd ss ¥ 
“Vss 92CS- 30355 & : 
NOTE: DASHED LINE IS AN OPEN CIRCUIT 11A2 9 10 
CONDITION (39 STATE} Baesto0 g 


Fig. 10 — Typical wavetorms for COS/MOS phase-locked loop 
employing phase comparator WI in locked condition. 


Fig. 11 — Phase comparator Il 
output loading circuit. 
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Gy = SOpF 
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R2— ko 9208-30349 
Fig. 12 — Typical VCO power dissipation at ‘MIN 
as a function of R2. 
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Fig. 15 — Typical VCO linearity as a function of 
R1 and Cl at Vpp = 10 V. 









6] AMBIENT TEMPERATURE (Tq 925°C 
6 Vope!5 V,VCO;= 7.5215 V.R2s0@ 















Cl= 80 pF 





LINEARITY — PERCENT 








Rist 9208-30344 
Fig. 16 ~ Typical VCO linearity as a function of 


RI and Cl at Vpn = 16 V. 


Dimensions and pad tayout for CD4046BH. 


Dimensions in parentheses are in millimeters and 
are derived trom the basic inch dimensions as in- 
dicated. Grid graduations are in mils (1073 inch), 
The photographs and dimensions of each CMOS chip 
represent @ chip when it is pert of the water. When the 
waler is separated into individual chips, the angle of 
Cleavage may vary with respect to the chip face for 
ditferent chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considera tolerance 

of ~3 mils to +16 mils appliceble to the nominal 
dimensions shown. 
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CD4047B Types 
CMOS Low-Power 


- Monostable/Astable 


Multivibrator 


High Voltage Types (20-Volt Rating) 


The RCA-CD4047B consists of a gatable 
astable multivibrator with togic techni- 
ques incorporated to permit positive or 
negative edge-triggered monostable 
multivibrator action with retriggering and 
external counting options. 


inputs include_+TRIGGER, —TRIGGER, 
ASTABLE, ASTABLE, RETRIGGER, and 
EXTERNAL RESET. Buffered outputs are 
G, Q, and OSCILLATOR. In all modes of 
operation, and external capacitor must be 
connected between C-Timing and RC- 
Common terminals, and an_ external 


, resistor must be connected between the 
* R-Timing and RC-Common terminals. 


Astable operation is enabled by a high 
level on the ASTABLE input or a low level 
on the ASTABLE input, or both. The 
period of the square wave at the Q and Q 
Outputs in this mode of operation is a 
function of the external components 
employed. “True” input pulses on the 
ASTABLE input or “Complement” pulses 
on the ASTABLE input allow the circuit to 
be used as a gatable multivibrator. The 
OSCILLATOR output period will be half of 
the Q terminal output in the astable 
mode. However, a 50% duty cycie is not 
guaranteed at this output. 


The CD4047B triggers in the monostable 


- mode when a positive-going edge occurs on 


the + TRIGGER-input while the -TRIGGER is 
held low. Input pulses may be of any duration 
relative to the output pulse. 


If retrigger capability is desired, the 


. RETRIGGER input is pulsed. The retrig- 


gerable mode of operation is limited to 
positive-going edge. The CD4047B will 
retrigger as long as the RETRIGGER-input 


_ is high, with or without transitions (See 


Fig. 34). 


* An external countdown option can be im- 


plemented by coupling ‘‘Q” to an external 
“N’ counter and resetting the counter 
with the trigger pulse. The counter output 
pulse is fed back to the ASTABLE input 
and has a duration equal to N times the 
period of the multivibrator. 


A high level on the EXTERNAL RESET in- 
put assures no output pulse during an 
“ON" power condition. This input can 
also be activated to terminate the output 
pulse at any time, for monostable opera- 
tion, whenever Vpp is applied, an internal 
power-on reset circuit will clock the Qout- 
put low within one output period (ty). 


- The CD4047B-Series types are supplied in 


14-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 14-lead dual-in-line 
plastic packages (E suffix), 14-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


i 
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Features: 


@ Low power consumption: special CMOS 
oscillator configuration 


® Monostabie (one-shot) or astable (free-running) 


operation 


Only one external R and C required 
Buffered inputs 


Standardized, symmetrical output 
characteristics 

5-V, 10-V, and 15-V parametric ratings 

Meets ali requirements of JEDEC 
Tentative Standard No. 13B, 
“Standard Specifications for 
Description of ‘B’ 
Series CMOS Devices” 


Monostable Multivibrator Features: 

™ Positive- or negative-edge trigger 

w Output pulse width independent of 
trigger pulse duration 

® Retriggerable option for pulse width 
expansion 

@ Internal power-on reset circuit 


@ Long pulse widths possible using small 
RC components by means of exter- 
nal counter provision 

w Fast recovery time essentially indepen- 
dent of pulse width 

@ Pulse-width accuracy maintained at 
duty cycles approaching 100% 


Astable Multivibrator Features: 

@ Free-running or gatable operating 
modes 

B 50% duty cycle 


True and complemented buffered outputs 


100% tested for quiescent current at 20 V 





TOP VIEW 


9208 -2143:R1 


Terminal Diagram 





# Oscillator output available 
@ Good astable frequency stability: 
Frequency deviation: 
= +2% + 0.03%/°C @ 100 kHz 
= +0.5% +0.015%/°C @ 10 kHz 
(circuits “trimmed” to frequency 
Yop = 10V +10%) 


Applications: 


Digital equipment where low-power 
dissipation and/or high noise immunity 
are primary design requirements: 
Envelope detection 

Frequency multiplication 

Frequency division 

Frequency discriminators 

Timing circuits 

Time-delay applications 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so 
that operation is always within the following ranges: 






CHARACTERISTIC 






DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 


DC INPUT CURRENT, ANY ONE INPUT .......-.-. 


POWER DISSIPATION PER PACKAGE (Pp): 
For Ty, 
For T A 


For T 


ForT 
OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES D,F, K, Ho... ec eee eee eee ees 


PACKAGE TYPE E 


STORAGE TEMPERATURE RANGE (Tstg) seve tediee 


LEAD TEMPERATURE (DURING SOLDERING): 


Supply-Voltage Range (For Ta = Full Package-Temperature 
Range) 3 Vv 


NOTE: IF AT 15 V OPERATION A 10 M2 RESISTOR |S USED THE OPERATING 
TEMPERATURE SHOULD BE BETWEEN ~25°C and 100°C 


MAXIMUM RATINGS, Absolute-Maximum Values: 


= -40 to +60°C (PACKAGE TYPE E) ....... 
= +60 to +85°C (PACKAGE TYPE E) ..... 
For Ty = -55 to +100°C (PACKAGE TYPES D, F, K)... 
= +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

= FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ........ 500s ee ee neers 100 mW 












[LIMITS | 
LIMITS J nits 





saguaseid, asa AAR AAR Sop aes, § ater alerera renee s ae +10 MA 


Er ee ert ee cea 500 mW 


feala S wovcaye’s Safed SPAS aioe canarias aoe ra eae 500 mW 


Siew WA an a ale SETHI Gees Galata aan eats ~55 to +125°C 


. -40 to +85°C 


Shida evel naacet ed AAO atacd eat ead -65 to +150°C 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. .......- eee eee eee eee +266°C 














CD4047B Types 


CD4047B FUNCTIONAL TERMINAL CONNECTIONS 
NOTE: IN ALL CASES EXTERNAL RESISTOR BETWEEN TERMINALS 2 AND 34 
EXTERNAL CAPACITOR BETWEEN TERMINALS 1 AND 34 


TERMINAL CONNECTIONS | OUTPUT | OUTPUT PERIOD 
FUNCTION |TOVpp| TOVss | INPUT | PULSE OR 
TO FROM PULSE WIDTH 


Astable Multivibrator: 
Free Running 10,11,13 } tg (10,11) = 4.40 RC 
True Gating 7,8,9,12 10,11,13 | ta (13) = 2.20 RC# 


Complement Gating 5,7,8,9,12 10,11,13 
Monostable Multivibrator: 
Positive-Edge Trigger §,6,7,9,12 
Negative-Edge Trigger §,7,9,12 try (10,11) = 2.48 RC 
Retriggerabie re §,6.7,9 
External Countdown 5,6,7,8,9,12 
A See Text. 
* First positive % cycle pulse-width = 2.48 RC, see Note on Page 10. 
* Input Pulse to Reset of External Counting Chip External Counting Chip Output To Terminal 4 












ASTABLE 









FREQUENCY 
DIVIDER 
(+2) 


ASTABLE 





GATE 
ASTABLE 
CONTROL MULTIVIBRATOR 












EXTERNAL 


| 
! 
CONTROL 
O- RESET | 
| 


Fig. 1—CD4047B logic block diagram. 








92Cs-29071 


RC 
RETRIGGER COMMON cTc RTC 


* 
ASTABLE (5)- f>-d>- *@ “on G)xx 
me a 
ASTABLE (4)~d > 

x 
+TRIGGER (@)—] >0 


~ TRIGGER (6) qd >> 
(— 


Yop (14) 




















rey 








x 
EXTERNAL 
RESET Oy [> <> 


= 
L 

Yop Vop CAUTION: TERMINAL 31S MORE 
SENSITIVE TO STATIC 
ELECTRICAL DISCHARGE. 

# INPUTS PROTECTED BY 4% SPECIAL RC COMMON —_ EXTRA HANDLING PRE~ 
COS/MOS PROTECTION PROTECTION NETWORK CAUTIONS ARE RECOMMENDED. 
SS 


Vv. Vss 





Fig. 2—CD4047B logic diagram. 
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32cs- 24320R6 
Fig. 6—Typical output high (source) current 
characteristics. 
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FF2,FF4 AMBIENT TEMPERATURE (Ta)= 25°C 
GATE -TO-SOURCE VOLTAGE (Vgg)+ ~5 V. é 
92CM~ 29040 a) 
ir 
. & 
Fig, 3—Detail logic diagram far flip-flops FF1 and FF3 (a) and fos flip-flops FF2 and FF4 (b). : voy 3 
i 5 g 
AMBIENT TEMPERATURE (Ta)* 25 °C! AMBIENT TEMPERATURE (Tq)=25°C 3 
4 . t 2 
$ cage Soh -18 v. 
i ‘ HE Bait ad 
Bao an +H sates 4 Fe 
” GATE-TO-SOURCE VOLTAGE (Vgs)*I5 V 3 3 £ Ht - 
& a Eos os GATE-TO SOURCE VOLTAGE (Vgg)*I5 V HTH 1 8 
& +4 pasaout i ; a : 9268-24 321R3 
3, ei : + gasses Fig. 7—Minimum output high (source) current 
z iS : pecesccececet sBat characteristics. 
~ 15 Ov 4 & 7s] 1M th H 
5 7 3g 3 : 7 Ra AMBIENT TEMPERATURE (Ta)* 25°C. 
4 5 <u) 
8 5 SV Eos ae i _ + Pence SO 
° Es00 sorely 
° 3 © 5 ° 5 10 5 z E 
ORAIN-TO-SOURCE VOLTAGE (Vps)—V S2es-zevsens DRAIN-TO-SOURCE VOLTAGE (Vps}—v¥ -9¢63-78219F" 
Fig. 4—Typical output low (sink) current Fig. 5—Minimum output low (sink) current , eat cee + Li! 
characteristics. characteristics. eat t se 
EE 3 
STATIC ELECTRICAL CHARACTERISTICS essees : eeEErT 
LIMITS AT INDICATED TEMPERATURES (°C) iat ite es 
Values at-55, +25, +125 Apply to D, F, K, H Packages gpereeseae . ; 
Values at -40, + 25, + 85 Apply to E Package Fe EHH EHH Buasedasueaaien Ht 
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Fig. 8—Typical propagation delay time as a 
[+125] min. | typ. | fe jnGHOR of load capacitance (Astable, 
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STATIC ELECTRICAL CHARACTERISTICS (CONTINUED) 

LIMITS AT INDICATED TEMPERATURES (°C) 
CHARAC- Values at -55, +25, +125 Apply to D, F,K,H Packages 
TERIS- Values at -40, + 25, + 85 Apply to E Package 


™) 


Tics Vop 


wm | —55| ~40 [+05 |+ 125 | 


Input Low 
Voltage, Vi, 


Input High 
Voltage, 


Input Cur- 


rent lin 
Max. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tg = 25°C, input t,, t# = 20ns, 
Cy. = 50 pF, Ry = 200kQ 


Vpp |___timits 
CHARACTERISTICS itso UNITS 
400 


tPHL tPLH an 
80 








Propagation Delay Time: 
Astable, Astable to Osc. Out 















Astable, Astable to Q, Q 





+ or — Trigger to Qa 







Retrigger to Q, Q” 


External Reset to Q, Q” 









Transition Time:_ 
Osc. Out, Q, Q 







5 
tTHL tTLH | 10 50 
15 40 












Minimum Input Pulse Width: tw 
+ Trigger, — Trigger 






10 80 160 
15 50 









Retrigger 


Input Rise and Fall Time: 
All Inputs 
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AMBIENT TEMPERATURE {Ta)}#25°C 
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Fig. 10—Typical transition time as a function 
of load capacitance. 
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Fig. 11—Typical astable oscillator or Q, @ 
period accuracy vs. supply voltage. 
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Fig. 12—Typical astable oscillator or Q, 7 
period accuracy vs. supply voltage. 
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Fig. 13—Typical astable oscillator or Q, 0 
period accuracy vs. supply voltage. 
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Fig. 14—Typical astable oscillator or Q, @ 
period accuracy vs. ambient temper- 
ature (ultra-low frequency). 
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Fig. 15—Typical astable oscillator or Q, O 
period accuracy vs. ambient temper- 
ature (low frequency). 
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Fig. 17—Typical astable oscillator or Q, O 
period accuracy vs. ambient temper- 
ature (high-frequency). 
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Fig. 18—Typical astable oscillator or Q, 7 
period accuracy vs. ambient 
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Fig. 16—Typical astable oscillator or Q, Q 
period accuracy vs. ambient temper- 
ature (medium frequency). 
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OUTPUT PULSE-WIDTH VARIATION~PER CENT 
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Fig. 19—Typical output pulse-width variations 
vs. supply voltage. 
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Fig. 20—Typical output pulse-width variations 
vs. supply voltage. 
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Fig. 21—Typical output pulse-width 
variations vs. supply voltage. 
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Fig. 24—Typical output-pulse-width variations 
vs. ambient temperature. 
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Fig. 22—Typical output pulse-width variations 
vs. ambient temperature. 
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Fig. 25—Typical output pulse-width variations 
vs. ambient temperature. 
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Fig. 26—-Typical power dissipation vs. output 
frequency (Vnp = 5V). 
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Fig. 29—Quiescent device current 
test circuit. 


1. Astable Mode Design Information 

A. Unit-to-Unit Transfer-Voltage 
Variations — The following analysis 
presents variations from unit to unit as a 
function of transfer-voltage (V7,_) shift 
(33% —67% Vpp) for free-running 
(astable) operation. 
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Fig. 32—-Astable mode waveforms. 








VTR 
ty = —-RC In H 
Vop + YtR 
typically , ty = 1.1 RC 
Vop ~ YTR 
to = RC in ; 
2Vpp - VTrR 
typically, tg = 1.1 RC 
ta = 2(ty + to) 
WTRXVpp - V 
Eeeanein TRXYpD TR) 


pp + VtrRX2Vpp - Vtr) 








POWER DISSIPATION [Pg )—pW 
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Fig. 27—-Typical power dissipation vs. output 
frequency (Vpp = 10 V). 


Yoo 
INPUTS OUTPUTS 
Vin 
: 
° 3 
Vin t 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS EXCEPT PIN 3 


92CS-27441R1 


Fig. 30-—-Input-voitage test circuit. 


Typ: VrR=0.5 Vpop ta = 4.40 RC 
Min: V7R =0.33 Vop ta = 4.62 RC 
Max: VrR =0.67 Vpop ta =4.62 RC 


thus if|t, = 4.40 RCjis used, the variation 


will be +5%, —U% due to variations in 
transfer voltage. 


B. Variations Due to Vpp and Tempera- 
ture Changes — In addition to variations 
from unit to unit, the astable period varies 
with Vpp and temperature. Typical varia- 
tions are presented in graphical form in 
Figs. 11 to 18 with 10 V as reference for 
voitage variations curves and 25°C as 
reference for temperature variations 
curves. 


il. Monostable Mode Design Information 


The following analysis presents varia- 
tions from unit to unit as a function of 
transfer-voltage (VrR) shift (33% — 67% 
Vpp) for one-shot (monostable) Operation. 
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Fig. 33—Monostable waveforms. 
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Fig. 28—Typical power dissipation vs. output 
frequency (Vpp = 15 V). 
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MEASURE INPUTS 
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Vsg TO GOTH Vpp AND Vgs; 


CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vop OR Vsg- 

Vss 
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Fig. 31—Input-ieakage-current 
test circuit. 


ty = —RC In VIR 
2VppD 
typically, ty’ = 1.38 RC 
tw = (ty 4 ta) 
(VrA)pp - Vr) 


(2Vpp — VtRX2Vpp) 


ty = —RC In 


where ty = Monostable mode pulse 
width. Values for ty4 are as follows: 


thy = 2.48 RC 
ty =2.71 RC 
thy = 2.48 RC 


Typ: VtR=9.5 Vop 
Min: Vtg = 0.33 Vop- 
Max: Vrp = 0.67 Vop 


tha = 2.48 RClis used, the variation 
willbe +9.3%, —0% due to variations in 
transfer voltage. 
Note: 

in the astable mode, the first positive halt 


cycle has a duration of t)y; succeeding 
durations are ta/2. 


In addition to variations from unit to unit, 
the monostable pulse width varies with 
Vpp and temperature. These variations 
are presented in graphical form in Fig. 19 
to 26 with 10 V as reference for voitage- 
variation curves and 25°C as reference for 
temperature-variation curves. 
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itl. Retrigger Mode Operation 

The CD4047B can be used in the retrigger 
mode to extend the output-pulse duration, 
or to compare the frequency of an input 
signal with that of the internal oscillator. 
in the retrigger mode the input pulse is 
applied to terminal 12, and the output is 
taken from terminal 10 or 11. As shown in 
Fig. 34 normal monostabie action is ob- 
tained when one retrigger pulse is ap- 
plied. Extended pulse duration is obtain- 
ed when more than one pulse is applied. 


RETRIGGER 
TERMINAL I2 


osc OUTPUT 
TERMINAL I3 


Q OUTPUT 
TERMINAL 10 





larger than the CMOS “ON” resistance 
in series with it, which typically is hundreds 
of ohms, tn addition, with very large values 
of R, some short-term instability with 
respect to time may be noted. 


The recommended values for these com- 
ponents to maintain agreement with 


JL SUL Jus 22d x | L 
—_Strel_ J tree LJ tRE L J TRE l 


ges - 20029R1 


Fig. 34—Retrigger-mode waveforms. 


For two input pulses, tre = ty’ + ty + 
st? For more than two pulses, the output 
pulse width is an integral number of time 
periods, with the first time period being 
ty’ + to, typically, 2.48RC, and all subse- 
quent time periods being ty + to, typical- 
ly, 2.2AC. 


IV. External Counter Option 


Time thy can be extended by any amount 
with tN use of external counting cir- 


cultry. Advantages include digitally con- 
trolled pulse duration, small timing 
capacitors for long time periods, and ex- 
tremely fast recovery time. A typical im- 
plementation is shown in Fig. 35. The 
pulse duration at the output is 


text = (N— 1 (ta) + (ty + ta/2) 
where text = pulse duration of the cir- 


cuitry, and N is the number of counts 
used. 






AST OPTIONAL 
| epaaore] | BUFFER 
Doom 
R 
sligey le 


9203-2904) 


Fig. 35—implementation of external counter 
option. 


PULSE 


V. Timing-Component Limitations 

The capacitor used in the circuit should 
be non-polarized and have low leakage 
(i.e. the parallel resistance of the 
capacitor should be at least an order of 
magnitude greater than the external 
resistor used). There is no upper or lower 
limit for either R or C value to maintain 
oscillation. 


However, in consideration of accuracy, C 
must be much larger than the inherent 
stray capacitance in the system (unless 
this capacitance can be measured and 
taken into account). R must be much 
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previously calculated formulas without 
trimming should be: 

C 2 100 pF, up to any practical value, for 
astable modes; 

C > 1000 pF, up to any practical value for 
monostable modes. 

10k2< R<1MQ 

Vi. Power Consumption 


In the standby mode (Monostable or 
Astabie), power dissipation will be a func- 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10—3 inch). 






tion of leakage current in the circuit, as 
shown in the static electrical 
characteristics. For dynamic operation, 
the power needed to charge the external 
timing capacitor C is given by the follow- 
ing formulae: 
Astable Mode: 

P = 2CVf. (Output at 

terminal No. 13) 

P = 4CV2f. (Output at 

terminal Nos. 10 and 11) 


Monostable Mode: 
p = (2.9CV%) (Duty Cycle) 
oe 


(Output at terminal Nos. 10 and 11) 


The circuit is designed so that most of the 
total power is consumed in the external 
components. In practice, the lower the 
values of frequency and voltage used, the 
closer the actual power dissipation will 
be to the calculated value. 


Because the power dissipation does not 
depend on R, a design for minimum power 
dissipation would be a smail value of C. 
The value of R would depend on the 
desired period (within the limitations 
discussed above). See Figs. 27, 28, and 29 
for typical power consumption in astable 
mode. 


76-84 
(1.930~2.134) 





_t 


bea 4-10 
(0.102-0.254) 
eran 92CM- 32955 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
water is Separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
ditterent chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly tram the nominal 
dimensions shown. The user should consider a tolerance 
of ~3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD40478. 











CMOS Multifunction 


Expandable 8-Input Gate 


High-Voltage Types {(20-Volt Rating) 


The RCA-CD4048B is an 8-input gate having 
four control inputs. Three binary control 
inputs — Ka, Kb, and Ke — provide the 
implementation of eight different logic func- 
tions. These functions are OR, NOR, AND, 
NAND, OR/AND, OR/NAND, AND/OR and 
AND/NOR. 

A fourth control input, Kd, provides the 
user with a 3-state output. When control in- 
put Kd is high, the output is either a logic 
1 or a logic 0 depending on the inner states. 
When control input Kd is low, the output is 
an open circuit. This feature enables the 
user to connect this device to a common 
bus fine. 


In addition to the eight input lines, an 
EXPAND input is provided that permits the 
user to increase the number of inputs into a 
CD40488 (see Fig. 2). For example, two 
CD4048B's can be cascaded to provide a 
16-input multifunction gate. When the 
EXPAND input is not used, it should be 
connected to Vss. 

The CD4048B-series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vcc) 
{Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 
Oc tNPUT CURRENT, ANY ONE INPUT . 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E} 
For Ta = +60 to +85°C (PACKAGE TYPE €) 
For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 


For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (Alt Package Types} 


OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPESD,F,K,H 2. 1. . 
PACKAGE TYPE E : 


STORAGE TEMPERATURE RANGE (Tegtg) 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 £ 1/32 inch (1.59 +0.79 mm) from case for 10s max. . 


m oOmop 
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© xlalola 
° 
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OR/AND OR/NAND 


€ € 
F € 
G G6 
4 i) 
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dir fees de Soe ey: Be ee _ 500 mw 
Derate Linearly at 12 mW/°C to 200 mW 
2 Asie diet mex Bia ed a Some 3 500 mw 
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100 mw 
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Fig. t — Basic logic configurations. 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following ranges: 





Temperature Range} 


CHARACTERISTIC 


Supply-Voltage Range (For Ta = Full Package 


LIMITS 
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BINARY CONTROL INPUTS 
FUNCTION CONTROL 


Yoo 6 
92cs-22249 


Functional Diagram 








Features: 

® Three-state output 

® Many logic functions available in one package 

@ Standardized, symmetrical output 
characteristics 

= 100% tested for quiescent current at 20 V 

@ Maximum input current of 1 A at 18 V 
(full package-temperature range), 100 nA 
at 18 V and 25°C 

= Noise margin (full package-temperature 
range) = 1 V at Vpp=5 V, 2 V at Vop 
= 10 V, 2.5 V at Vpp=15 V 

a 5-V, 10-V, and 15-V parametric ratings 

@ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 

8 Selection of up to 8 logic functions 
® Digital control of logic 

= General-purpose gating logic 





~ Decoding 
~ Encoding | 
scouTPuT) fT Yoo 
Ka 2 EXPANO 
3 ry 
INPUTS. fe 7 INPUTS 
E—6 py 
kp 7 Ka 
Vss 18 Ke 
TOP VIEW 
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TERMINAL ASSIGNMENT 
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BY COS/MOS PROTECTION 
NETWORK 






























































































































































































































































































































































































































































Py 
& 
{ 
ret 
2 
Bias| 
& 
z 
5 
VSS secu zosa9 oO 
z 
z 
& 75 
Fig. 2 — Logie diagram. = a 
Sst 
~ 1 H 
4 ; H 
5 255 svt 
3 i" 
0) 5 10 15 
RAIN-TO- = 
NOR NAND DRAIN- TO- SOURCE VOLTAGE (Vps}—V 
7 92¢s-24a19R1 
s2- A aiead . 
8 Fig. 7 — Minimum output low {sink} 
8 \ current characteristics. 
3 DRAIN-TO- SOURCE VOLTAGE (Vps)—V 
é Ko-Kb-Ke 1-0-1 -_ 10 -8 ° 
9-90-90 AMBIENT TEMPERATURE (Tal-25 CHE | 
WweveweveWaccesascus < 
AND OR AND/OR pare ros gous VOLTAGE (Vgs)=-Sv: Ls, ti 
ret ft HH x 
+ a oF 
10 
= 
mi uae SuSguESosuEEas rH He 
rt 5 
He mae His & 
5 1 + 3 
qt bed 
1-0-0 O-Or4 Veter bE tit a10V -208) 
; pynageas HS 
ry u se -25 B 
ANO/NOR OR/NAND OR/AND ratedeatert 7 
g 
z 
. 
> 
a 
5 
6 
=; 

















































































































HE “18 V: H H -30 
nae AS Sansscacena th H 
ae SU UHEEAELEA Lesa bastaseatectttt 
O-I-8 






















































































































































































































































































O-1-0 92CS- 24320R3 
\ 9208-22252 
Fig. 3 — Actual-circuit logic configurations. Fig. 8 — Typical output high (source) 
current characteristics. 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
=15 =10 “5 ) 
‘AMBIENT TEMPERATURE (Tale 25°C 
THE 
GATE-TO-SOURCE VOLTAGE (Vag) -5 V. ‘ 
APPLICATIONS OF EXPAND INPUT H 
OR FUNCTION : : Ls 8 
wtouTPUT) PEELE H cs 
v H rr] 
oD Hit tt a « 
‘ i a. 5 
Heesuuttattt ° 
xt al I-10 =~ 
J foureurl x2 80 { is HH 4 
a xs abaerageceagen 3 
A x4 ce mae tt + 8 
e Tt 15 ¥ . z 
c (72 cD4a002A ane +H Lis = 
C) : } 
Yoo Z| + 5 
8 CD4048A 9 Ho t E 
Vv i oO 
Vee ves ss ss Vss H HHH J 
16~ INPUT GAT. - 
12= INPUT OR/AND GATE s2cs-20240 BEDE Mee te uate gees: 2432 iR2 
UECASB+ CHD) (EFF tGtHd> (XI+XZ4X34KG) Sry +6) +C, +0, +E, tF) +6) +H) tAntBo+CotD FE atFo4+Go 4H. : sat e 
Bey Buea ere cee fate Fig. 9 — Minimum autput high {source} 
Fig, 4 - 12-ingut OR/AND gate. Fig. 8 — 16-input NOR gate. current characteristics. 





198 











STATIC ELECTRICAL CHARACTERISTICS 
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LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 

















Output Voltage: 
Low-Level, 
Vor Max. 








Output High | 0.64] -0.36 |-0.51 
(Source) -2 +1.151)~-1.6 
Current, | “91213 

JOH Min. oa 
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Output Voltage: 
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Fig. 10 — Typical propagation delay time 
(logic inputs to output) 
as a function of load capacitance. 
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IMPLEMENTATION OF EXPAND INPUT FOR 9 OR MORE INPUTS 


oureur | FUNCTION 
FUNCTION| NEEDED AT 
EXPAND INPUT 


J=(A+B+C+D+E+F+GtH)+ (EXP) 
J=(A+B+C+D+E+F+G+H)+(EXP) 


J=(ABCDEFGH):(EXP) 


J=(ABCDEFGH)-(EXP} 


OUTPUT BOOLEAN 
EXPRESSION 


J=(A+B+C+D)-(E+F+G+H): (EXP) 


J=(A+B+C+D) (E+F+G+H)- (EXP) 
J=(ABCD)+(EFGH)+(EXP) 
J=(ABCD)+ (EF GH)+(EXP) 


Note: (EXP) designates the EXPAND function (i.e., X4+X2+... Xp). 








NOTE: 

Refer to FUNCTION 
TRUTH TABLE for 
connection of unused 
inputs. 
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Fig. 11 — Typical transition time vs. load capacitance. 
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Fig. 12 — Typical power dissipation as a function of 
input frequency. 
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Fig. 13 ~ Dynamic power dissipation test circuit. 





DYNAMIC CHARACTERISTICS at Ta=25°C, C,_=50 pF, Input ty, te=20 ns, 
R__=200 kQ. unless otherwise specified 


TEST CONDITIONS LIMITS 


All Package Types UNITS 
Vv 


yp. 
300 600 















CHARACTERISTIC 


Propagation Delay: tpHUTPLH 
Inputs to Output and 
Ka to Output 


Kb to Output 









—~ = 4 
88 8 
g 
So 


Ke to Output 










Expand input to Output 






3-State Propagation Delay: 
Kd to Output tpyy7,tp, z 


tpzH-teZL 






FUNCTION 
J=AFBtCTDTETETGTA 
J=A+B+C+D+E+F+G+H 
J=(A+B+C+D)-(E+F+G+H) 
J=(A+B+C+D)+(E+F+G+H) 
J=ABCDEFGH 
J=ABCDEFGH 
J=ABCDtEFGH 
J=ABCD+EFGH 










Ot wr 














--+7-=20q000 
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TEST CIRCUITS - STATIC MEASUREMENTS 





Yoo Yoo 
INPUTS OUTPUTS INPUTS 
Yoo NOTE 
a + SG) MEASURE INPUTS 
° SEQUENTIALLY, 
_ Yss TO BOTH Vpp AND Vgg; 
= =] CONNECT ALL UNUSED 
INPUTS TO EITHER 
NOTE: Yoo OF Vss 
vi TEST ANY COMBINATION 
oa OF INPUTS Vss 
9208-27441R1 Sees 727402 
92CS-27401R1 
Fig. 14 — Quiescent device current Fig. 15 — Input voltage test Fig. 16 — Input current test circuit. 
test circuit. circuit. 






Kg=1 Normal Inverter Action 
Kg=0 High Impedance Output 


EXPAND Input=0 * See Figs. 1,2,3,4, and 5. 
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TEST CIRCUITS - DYNAMIC MEASUREMENTS 
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(INPUT 


OUTPUT 





Vss 


92CS- 31671 


Fig. 17 — Test circuit for tpyy. 
true, end try y (AND) 
measurements. 
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Fig. 20 — Test circuit for tpz,. tpzpy tpi z- 
and tpyyz (ANG). 
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Dimensions and pad layout for CD4048BH. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (107-9 inch). 












Fig. 18 — Waveforms for tpyy, 
and tpyyy (AND). 
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Fig. 19 — Waveforms for try, 
and tr; py (AND). 
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Fig. 21 — Waveforms for tp, , tpzpy. 
tpy 2, and tpyyz (AND). 
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The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
Cleavage may vary with respect to the chip face for 
differant chips. The actual dimensions of the isolated 
Chip, therefore, may differ slightly trom the nominal 
dimensions shown. The user should consider a tolerance 
of ~3 mifs to +16 mils applicabie to the nominat 
dimensions shown. 

















CD4049UB, CD4050B Types 


CMOS 


Hex Buffer/Converters Festures: 


High-Voltage Types (20-Volt Rating) 


CD4049UB-Inverting Type 
CD4050B—Non-Inverting Type 


The RCA-CD4049UB and CD4050B are in- 
verting and non-inverting hex buffers, respec- 
tively, and feature logic-level conversion 
using only one supply (voltage (Voc). The 
input-signal high level (V},4) can exceed the 
Voc supply voltage when these devices are 
used for logic-level conversions. These de- 
vices are intended for use as CMOS to 
DTL/TTL converters and can drive directly 
two DTL/TTL loads. (Vog=5 V, Vo_S 0.4 V, 
and IQ_= 3.3 mA.) 

The CD4049UB and CD4050B are designated 
as replacements for CD4009UB and CD4010B, 
respectively. Because the CD4049UB and 
COD4050B require only one power supply, 
they are preferred over the CD4009UB and 
CD4010B and should be used in place of the 
CD4009U8B and CD4010B in all inverter, cur- 
rent driver, or logic-level conversion appli- 
cations, In these applications the CD4049UB 
and CD4050B are pin compatible with the 
CD4009UB and CD4010B respectively, and 
can be substituted for these devices in existing 
as well as in new designs. Terminal No. 16 is 
not connected internallyon the CD4049UB or 
CD4050B, therefore, connection to this 
terminal is of no consequence to circuit 
operation. For applications not requiring 
high sink-current or voltage conversion, the 
CD4069UB Hex Inverter is recommended. 


The CD4049UB and CD4050B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead duai!-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 





9205-27507 


CD4050B 
FUNCTIONAL DIAGRAM 
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® High sink current for driving 2 TTL loads 

®@ High-to-low fevel logic conversion 

= 100% tested for quiescent current at 20 V 

= Maximum input current of 1 “A at 18 V over full package- 
temperature range; 100 nA at 18 V and 25°C 


@5-, 10-, and 15-volt parametric ratings 





Applications: 

= CMOS to DTL/TTL hex converter 

= CMOS current “sink” or “source” 
driver 

= CMOS high-to-low logic-tevel 
converter 


9205: 27506 


CD4049UB 
FUNCTIONAL DIAGRAM 





MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vcc} 


(Voltages referenced to Vgg Terminal) —0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . ~0.5 to +20.5 V 
DC INPUT CURRENT, ANY ONE INPUT . 410 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40 to +60°C (PACKAGE TYPE E) . fen Be fe BS AK Se Fe Pe 500 mw 

For Ta = +60 to +85°C (PACKAGE TYPEE) . . . Derate Linearly at 12 mW/°C to 200 mW 

For Ta = —55 to +100°C (PACKAGE TYPES D, F, K) . 500 mw 


For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE [All Package Types) 
OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPESD,F,K,H. © | - 
FACKAGE TYPEE . . . 


STORAGE TEMPERATURE RANGE (Torq) 
LEAD TEMPERATURE (OURING SOLDERING): 
At distance 1/16 £ 1/32 inch (1.59 £0.79 mm) from case for 10s max. . 


100 mw 


-55 to +125°C 
—40 to +85°C 
—65 to +150°C 


+265°C 


RECOMMENDED OPERATING CONDITIONS at T,=25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC SIMS 


[ Max, | UNITS 
Supply-Voltage Range (Vcc) (For Ta=Full Package- 


18 Vv 
Temperature Range) |v | 


Input Voltage Range (Ving) 


"The CD4049 and CD4050 have high-to-low-level voltage conversion capability but not 
low-to-high-level; therefore it is recommended that Vin) 2 Vec- 










Veo 








92CS- 201i7R1 


Fig. 1—a) Schematic diagram of CD4049UB, 1 of 6 identical units; 
b} Schematic diagram of CD4050B, 1 of 6 identical units. 





STATIC ELECTRICAL CHARACTERISTICS 


Limits At Indicated Temperatures (°C) 
CONDITIONS | Values at -55, +25, +125 Apply to D, F, K, H Pkgs. 
Values at —-40,+25,+85 Apply to E Package 
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High-Level, 
Vou Min. 
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Fig. 5 — Minimum output low (sink} current 


drain characteristics. characteristics. 














Fig. 6 — Typical output high (source) current 


CD4049UB, CD4050B Types 


AMBIENT TEMPERATURE (Tg)=25°C 













CHARAC- UNITS 
TERISTIC i 
wv) | w Lv) [Win | Typ. | Max y 
Quiescent | —fos{s [i [1 | 30 { 30 0.02 Z 
Device [= forolio [2 [2 | 60 [oo | - foo2 [2] ., : 
Current, Ipp [_= fotsfis [a [af i20 [izo [= foo2 | 4 | a 
Lie — - = 0 20 ° " PUT VOLTAGE (V ay : 
Output tow” foafos{4sfa3l[ar [21 f 18] 26{ 52 [| " nee 
(Sink) Poafos|s {4 [38 | 29 [ 24] 32] 64 | — | Fig. 2—Minimum and maximum voltage 
Current ros joio[10|io foe | 66 | 56] 8 | 16 | — | transfer characteristics for CD4049UB. 
toumin. [15 fous [as [20 [af [ws [2a {a8 [| ag 
Output High [4.6 [0.5 [5 fo.si{-o.73|-0.58[-0.48[-o.65] -1.2 | — | sunita Tewrenarone 12] 
(Source) 05 [5 |-26) ate | =3.9 | — | Se ects 
Current [9.5 [0.10 | 10 |-2.0] [=1.35| | -3.0 | = | 
Output Vo!tage: | oOo | 
Low-Level, | oO | 


OUTPUT VOLTAGE (VgI—v 














2 3 
INPUT VOLTAGE (vy )—Vv 
9205-20486 
Fig. 3—-Minimum and maximum voltage 
transfer characteristics for CD4050B. 
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Fig. 4 — Typical output low (sink) current 
characteristics, 
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Fig. 7 — Minimum output high (source) current 
characteristics. 
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CD4049UB, CD4050B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T a=25°C; input t,.t;=20 ns, 
C_=50 pF, Ry =200 k2 
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CD4050B Fig. 8 ~ Typical voltage transfer charac- 


teristics as a function of temperature 
for CD4049UB. 
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Fig. 9 ~ Typical voltage transfer charac- 
teristics as a function of temper- 
__..___ @ture for CD4050B. 
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CD4049UB. inverter for CD4050B. 
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INPUTS, ouTPuTS INPUTS ~ 
v 
Vii (re 
Noe + °° () = 
ed = Vss 
Ts £ 
NOTE: 
TEST ANY ONE INPUT, 
v WITH OTHER INPUTS AT v 
8s Vee OR Vss sad 
92C5- 28470 


Fig. 14 — Input voltage test circuit. 


CD4049UB, CD4050B Types 


COS/MOS JO V LEVEL TO OTL/TTL 5 V LEVEL 
Voc S¥ 
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Fig. 18 — Input current test circuit. 


CHIP PHOTOGRAPHS 
DIMENSIONS AND PAD LAYOUTS 
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92CM-33556 





oO — 
; 4-10 
(0.102 -0.254) 
54-62 
(1.372-1.574) 


CD4049UBH 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mits (10-9 inch). 


TERMINAL ASSIGNMENTS 


Vee 


1° 1 
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NC*NO CONNECTION 92CS-24480R1 


CD4049UB 


NC*=NO CONNECTION 


CD4050B 





92C8-2448iR6 


MEASURE INPUTS bee vevrn | TENANOH 
SEQUENTIALLY, v 
TO BOTH Vcc AND Vs Orva, = ss LU OF Vey 
CONNECT ALL UNUSED 
INPUTS 0 E1THER 
Vee OR Veg IN TERMINAL — 3,5,7,9,/1,0R14 
OUT TERMINAL — 2,4,6, 10,12, OR 15 
Yoo TERMINAL — | 
yer Vsg TERMINAL — 8 92C8-20116R1 
Fig. 16 — Logic-level canversion application. 
oO 10 20 30 40 50 60 67 
68 — 
60 — 
50 — 
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65 -73 
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20 — 
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64-72 
(1.626-1.828) 


CD4050BH 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
water is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 


dimensions shown. 
Yoo 


1oKe, 
1O0KHz,IMHz 


CL INCLUDES 
FIXTURE CAPACITANCE 
g2cs- 36079 


Fig. 17 - Dynamic power dissipation test circuit. 
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CD4051B, CD4052B, CD4053B Types 


CMOS Analog 
Multiplexers/Demultiplexers* 


With Logic-Levet Conversion birt A 
Applications: cases tT 

. Py . HANI 
High-Voltages Types (20-Volt Rating) re Be ti, mer 
® Anatog and digital multiplexing and demultiplexing ‘in 
@ A/D and D/A conversion ® Signal gating vss 


CD4051B ~— Single 8-Channel 4 
CD4052B — Differential 4-Channel Features: inure) C5 Fee 
CD40538 — Tripte 2-Channel 


= Wide range of digital and analog signal 

levels: digital 3 to 20 V, analog to 
RCA-CD4051B, CD4052B, and CD40538 20 Vp-p 
analog multiplexers/demultiplexers are digi-  @ tow ON resistance: 125 2 (typ.) over 15 
tally controlled analog switches having low Vp-p signal-input range for Vpp-VeE = 15V 


ON impedance and very low OFF leakage are 7 " 
current. Control! of analog signals up to High OFF resistance: channel leakage of 


20 V peak-to-peak can be achieved by digi- £100 pA (typ.) @ Vop-Veg = 18 V 

tal signal amplitudes of 4.5 to 20 V (if ® Logic-level conversion for digital addressing 
Vpop-Vss = 3 V, a Vop-VEE of up to 13 signals of 3 to 20 V (Vpp-Vsg = 3 to 20 
V can be controlled; for Vpp-VEE level V) to switch analog signals to 20 V p-p 
differences above 13 V, a Vpp-Vsg of at (Vop-VeEE = 20 V); see introductory text 
least 4.5 V is required). For example, if & Matched switch characteristics: RON = 


CD4051B 
Terminal Assignment 








Vpp= +4.5V, Vgg=0, and Vege = -13.5 V, 5 Q (typ.) for Vpp-VEE = 15 V eer teed ee a racnkunete 
analog signals from —13.5 V to +4.5 V can @ Very low quiescent power dissipation under COMMON “Y" OUT/IN —4 3 { IN/OUT 
be controlled by digital inputs of Oto 5 V. under al} digital-control input and supply vcannels |e a]? Ariaiediin 
These multiplexer circuits dissipate extremely conditions: 0.2 uW (typ.} @ Vpp-Vss = INH 4.6. af IN/OUT 
low quiescent power over the full VpD-VSs Vpp-VEE = 10 V vee : : 
and Vpp-VEE supply voltage ranges, inde- © Binary address decoding on chip 
pendent of the logic state of the control . : eucs-26ee3 
signals. When a logic 1” is present at the ™ 5 10-, and 15-V parametric ratings cp4052B8 
inhibit input terminal all channels are off. = 100% tested for quiescent current at 20 V Terminal Assignment 

® Maximum input current of 1 “A at 18 V 


The CD4051B is a single 8-channel multi- : 
plexer having three binary control inputs, A, over full package temperature range; 

B, and C, and an inhibit input. The three 100 nA at 18 V and 25°C 

binary signals select 1 of 8 channels to be © Break-before-make switching eliminates 
turned on, and connect one of the 8 inputs channel overlap 

to the output. 


The CD4052B is a differential 4-channel multi == RECOMMENDED OPERATING CONDITIONS AT T, =25°C (Unless Otherwise Specified) 
plexer having two binary control inputs, A 


and B, and an inhibit input. The two binary 
input signals select 1 of 4 pairs of channels 
to be turned on and connect the analog in- 
auts to the outputs. 


For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. Values shown apply to all types except as noted. 


[characteristic | Vpp | Min. | Max. | Units 

















The CD4053B is a triple 2-channel multi- Supply-Voltage Range * In certain applications, the external load-resistor 
plexer having three separate digital control (Ta = Full Package- 3) 18 v Somibonentss ON avn cians Vow carter 
inputs, A, B, and C, and an inhibit input. luis Sane. when switch current flows into the transmission 
Each conl rout acs one of aca of Mutton Switch opw || sie pins, white on ira Hae 
channels which are connected in a single- Current Capability* 25 | mA lated from Roy values shown in ELECTRICAL 


CHARACTERISTICS CHART). No Vop cur- 


le double-throw configuration. 
i 7 rent will flow through Ry, if the switch current 


| Output Load Resistance | Load Resistance | Output Load Resistance | — [ 100 | 


flaws into terminat 3 on the CD4051; terminals 
The CD4051B, CD4052B, and CD4053B are 3 and 13 on the CD4052; terminals 4,14, and 15 
supplied in t6-lead ceramic dual-in-line on the CD4053, 


’ packages (D and F suffixes), 16-lead plastic 
dual-in-line packages (E suffix), 16-lead 


by le \, 
ceramic flat packages (K suffix), and inchip wvour 2 CUT/IN Sx octy 
form (H suffix). Stns oh is 
IN/OUT CX —45 on { wn/ouT 
NH 6 A 
Vee 7 8 
8 


ss 





* When these devices are used as demultiplexers, 92c$-24406 
the “CHANNEL IN/OUT" terminals are the CD406: 
outputs and the “COMMON OUT/IN” terminals wi 
are the inputs. Terminal Assignment 
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CD4051B, CD4052B, CD4053B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp! 


(Voltages refarenced to Veg of Veg, whichever is more negative). 2 1 wk —0.5 to +20 V 
(INPUT VOLTAGE RANGE, ALLINPUTS.. . . . 2... ee ee 60.8 to VoD +0.5V 
DOC INPUT CURRENT, ANY ONE INPUT . 2. 7] 6 ee ee +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40 to t60°C (PACKAGE TYPEE) ©. 2 7 1 ee ee ee 500 mw 

For Ta = +60 to +85°C (PACKAGE TYPEE) . . . . . Derate Linearly at 12 mw/°C to 200 mw 

For T, = ~55 to +100°C (PACKAGE TYPES D,F,K} oe ee ee ee ee ee 500 mw 

For Ta = +100 to +125°C (PACKAGE TYPES D,F,K).... - Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 2. 1. - 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D,F,K,H . 0 6 0 -55 ta +125°C 

PACKAGE TYPEE .. 2 16 ee -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) eS ee ee. he ae Be SS ~65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 £ 1/32 inch (1.59 £0.79 mim) from case for10smax. 2 2 2. ee +265°C 


CHANNEL IN/OUT 























COMMON 








é OUT/IN 
LOGIC 56) 
LEVEL 
DECODER 
c 
c ONVERSION WITH 


INHIBIT 











9205 - 2O0RSRZ 


Fig. 1 — Functional diagram of CD4051B. 


X CHANNELS IN/OUT 








COMMON X 
OUT/IN 



















COMMON Y 
2® DECODER Hern 
WITH OUT/IN 
INH ©) INHIBIT 
Vents Py 92S -20086R2 


Y CHANNELS IN/OUT 
Fig. 2 — Functional diagram of CD4052B, 


BIMARY TO 
Losic (of 2 
NH DECODERS Ns 
LEVEL Yop with Mout 


CONVERSION INMIOIT cy 





OUT/IN 


OUT/IN 
c® cx or ey 


*ALL INPUTS PROTECTED 
BY STANOARO COS/MOS 
PROTECTION WETWORK 


Yop 
ms b----] 92C8 - 20087R3 
7 Fig. 3 — Functional diagram of CD40538. 
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3 SUPPLY VOLTAGE (Vpp - Veg) * 5 VU 
| eoot} Hh 
os : {AMBIENT TEMPERATURE ; 
&. LTa) = 125°C 
= 500 f i 
g Mm H 
= soot 
Rd 
9 
ra 300 tS 
z +25°C 
5 200 
J i 
¥ en 4 65°C 
i 
7 
5 (i 
é | 
-4 3-2 lOO ti 
INPUT SIGNAL VOLTAGE (Vig) — V 
9208-27038 


Fig.4 — Typical channel ON resistance vs input 
signal voltage (all types). 
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“10-78 -5 -25 0 28 §$ 78 W 
INPUT SIGNAL VOLTAGE (Vig) — V 
92Cs- 270390 
Fig.5 — Typical channel ON resistance vs. input 
signal voltage (all types). 
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“10 -75 -§ -25 0 25 $§ 75 10 
INPUT SIGNAL VOLTAGE (Vig) —— V 
92C$-27074@) 
Fig.6 — Typical channel ON resistance vs. input 
signal voltage (all types). 
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CHANNEL ON RESISTANCE (Roy) — & 











“0 -75 -§ -25 9 28 


INPUT SIGNAL VOLTAGE (Vig) — V 
92CS- 27040 


Fig.7 — Typical channel ON resistance vs. input 
signal voltage (all types). 
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CD4051B, CD4052B, CD4053B Types 


ELECTRICAL Was 







LIMITS at Indicated Temperature (°C) 











Se eonainpne. 


Values at -55, +25, +125 Apply to D, F, K, H Pkgs. 
Vis | VEE |Vss |Vop | Values at 40, +25, +85 apply ee — 
(v) J (Vv) J iw liv 55] -40 | ss nes ee, 
+ + 
ita ye | as 


SIGNAL INPUTS (Vj,) AND OUTPUTS (Vos) 


Quiescent Device ee uA 
Current, Ippo || fo] ao {soo = fogs fio 
[600] — | 






CHARAC- 
TERISTIC 











Change in On- 
State Resistance 
(Between Any 
Two Channels) 


















ae - are 


= 200k2 
C.=50 pF [10] — | — 
tr,t¢ = 20 ns 






OFF Channel 
Leakage Current: 


Any Channel 
OFF Max. 
All Channels 
OFF (Common 
OUT/IN) Max. 


Capacitance: 




















Feedthrough, 
Cios 
Propagation Delay 
Time (Signal In- 
put to Output 

















Vop * +S Nppt +7.5¥ 


i 
é 
| 
i 
g 
z 
i 


Vgg # OV 











ta) 





1 9 tot to# we 8 
SWITCHING FREQUENCY(1)— kHz 
9205 - 22720m 
Fig.11 — Typical dynamic power dissipation 
vs, switching frequency {CD4053B). 


swing from Veg to Vpp. 



















POWER DISSIPATION/PACKAGE (Pp) —pW 


POWER DISSIPATION / PACKAGE (Pp )—yW 








The ADDRESS (digital-controi inputs) and INHIBIT logic levels are: 
“O" = Vgg and “1 = Vpp. The analog signal (through the TG) may 


OUTPUT SIGNAL VOLTAGE (Vog) — VOLTS 


STSUPPLY VOLTAGE: Vpp=5V 
Vgs"OV Veg *-SV 
af AMBIENT TEMPERATURE (Ta) +25°C 



























































(INPUT SIGNAL VOLTAGE (V,,)}— VOLTS 
9208-22 717R1 


Fig.8 — Typical ON characteristics for 
1 of 8 channels (CD4051B). 


AMBIENT TEMPERATURE(T,) = 25°C. 
ALTERNATING “O" AND "I" PATTERN 
LOAD CAPACITANCE(G,) * 80 pF 

















‘ i) (oz 408 104 soo 


SWITCHING FREQUENCYIf) —~ kHz 
92CS-22710R1 


Fig.9 — Typical dynamic power dissipation 
vs. switching frequency (CD40518). 


1O°[AMBIENT TEMPERATURE (Ty )= 28° 
ALTERNATING "O° AND "!” PATTERN 
LOAD CAPACITANCE (C_)+80 pF 














\0' t( 
SWITCHING FREQUENCY (1) —kHz 
92C$-22709R1 


Fig.10 — Typical dynamic power dissipation 
vs. switching frequency {(CD4052B). 


Yoo +8 
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9ZCS- Z0080RI 


Fig.12 — Typical bias voltages. 
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CD4051B, CD4052B, CD4053B Types 


ELECTRICAL CHARACTERISTICS (Cont'd) | nrotsrare “ON” CHANNELIS) 
LIMITS at indicated Temperature (°C) LiHetT | : 


| conorrions—_| Values at -55, +25, +125 Apply to D, F, K, H, Pkg 


CHARAC- Vee |Vss [VDD | Values at —40,+25,+85, apply to E pkgs 
TERISTIC a wv) | ev) 


Input Low 
Voltage, Vit 
Max. 


< 


Input High lis< 2 pA 
Voltage, V4 on all OFF 
Min. 


° 
i=] 
g 
Ld] 


Input Current, 


+1975 
lyn Max. 10 


10.1 


Payal 
| o{ 0) 
| of 1 
| + [ 0) 
[i |] 


AorB 
orc 
X= = t care 
Fig. 13 ~ Truth tables. 


Propagation 
Delay Time: 
Address-to- 
Signal OUT 
(Channels ON 
or OFF) See 
Figs.14,15,18 


~ 
8\s 
ojo 





a 


= 
ao 
N]— 
NIN 
ao 





Inhibit-to- 
Signal OUT 
(Channel turn- 
ing ON) 


See Fig. 14 


~N 
Nn 
oO 


= 
a 


Inhibit-to- 
Signal OUT 
(Channel turn- 
ing OFF) 


See Fig. 15 
Input 
Capacitance, Cin 
(Any Address 
or Inhibit Input) 92Cs-27042RI 





Fig.14 — Waveforms, channel! being 
turned ON (Ri = 1 kQ). 


TEST CIRCUITS 





TURN-ON TIME 
PHZ 92CS-27043RI 





= Cp40s2 = a 92CS~22722R2 


Fig.15 ~ Waveforms, channel being 
turned OFF (Ry, = 1k 0). Fig.16 — OFF channel leakage current — any channel OFF. 
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CD4051B, CD4052B, CD4053B Types 


ELECTRICAL CHARACTERISTICS (Cont'd) 


TEST CONDITIONS 


CHARACTERISTIC] Vis [Vop | AL 
wy | avy | (key 
Cutoft(-3-a8) [| Se [10 [ 1 | 


Frequency 
Channel ON 
(Sine Wave Input) 


Total Harmonic 
Distortion, 


THD 


~40-dB 
Feedthrough 


Frequency 
{All Channels OF F) 


—40-dB 

Signal Crosstalk, VEE = Vss. 

Frequency Vos 

20 log— = ~40aB | Between 
i Any 2 


Address-or-Inhibit- | VEE=0.Vss=0, tr,tf 
to Signal Crosstalk | =20 ns, Vc = Vob 
—Vgs(Square Wave) 





© Peak-to-peak voltage symmetrical about Vop ~ VEE 


2 
# Both ends of channel 


Yoo 








OUTPUT 
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Fig.18 — Propagation delay — address input to signat output. 


f) 
2 cL 
3 
4 
Vv 
5 Yee 
Vee (77% 
7 
a 
Vss 
Vs: 
cp40si 
vy 
OUTPUT re 
! 
RL 2 
3 
4 
5 
Yoo 6 
Vgg CLOCK 
$8 CLOCK Vege—47 
a 
Yss 
tere AND teLy 
CD4051 


Fig.19 — Propagation delay — inhibit input to signal output. 
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TEST CIRCUITS (Cont'd) 





ONO asen 


cD405) 








= CD4083 = 


Fig.17 — OF F channel leakage current — ali 
channels OFF. 





Vss 


92E8 OPM HL 
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Yss 


ten ANO teiH 
CD4053 
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CD4051B, CD4052B, CD4053B Types 


TEST CIRCUITS (Cont‘d) 


NOGAUN— 


Co405i8 





92Cs- 30934 
Ovi 





isecs-s0882 S2es-35998 = = 92¢8 -27047 
MEASURE <2 yA ON ALL MEASURE <2 pan iw ALL op MEASURE <2 pA ON ALL 
“OFF” CHANNELS (e.g. CHANNEL 6) "OFF" CHANNELS (e.g CHANNEL 2x) OFF“ CHANNELS (e.g CHANNEL by} 


Fig.21 — Quiescent device current. 
Fig. 20 — Input voltage test circuits {noise immunity). 


vi 
Yop {olo) 
KEITHLEY 
Yoo 160 DIGITAL 
MULTIMETER 
















x-Y 


OY nae wn 
aAIHRAk Un 


Yoo Yoo 
PLOTTER ® ° ® 7 
ss Vss 


NOTE: 


NOTE: MEASURE INPUTS 
2276 MEASURE INPUTS SEQUENTIALLY, TO BOTH 
s2cs- SEQUENTIALLY, TO BOTH Vpp AND Vgg CONNECT 
Vpp AND Vgg CONNECT ALL UNUSED INPUTS TO 
; ALL UNUSED INPUTS TO 92cs-27048 EITHER Vpp OR Vag. 
Fig.22 — Channel ON resistance EITHER Vop OR Veg 2 = 
measurement circuit. 


Fig. 23 — lnput current. 


CHANNEL 
OFF 









CHANNEL 
ON 





92cS~27069 92C$- 27050 
Fig.24 — Feedthrough (all types). Fig.25 — Crosstalk between any two channels (all types). 
SV pp "x 
™N “On OR OPE 


DIFFERENTIAL CD4052 C04052 
C 









COMMUNICATIONS 
LINK 










OIFF DIFF. 
AMPLIFIER / RECEIVER 


LINE ORIVER 





DIFF. DEMULTIPLEXING 
MULTIPLEXING 
92C$-2708 92s - 27052 
Fig.26 — Crosstatk between duals or triplets 
(CD40528, CO40538). Fig.27 ~— Typical time-division application of the CD4052B, 
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CD4051B, CD4052B, CD4053B Types 


SPECIAL CONSIDERATIONS 

In apptications where separate power sources 
are used to drive VpoO and the signal inputs, 
the Vpp current capabitity should exceed 
Voo/Ri (Rx = effective external load). This 
Provision avoids permanent current flow or 
clamp action on the Vop supply when power 
is applied or removed from the CD40518B, 

C040528, or CD40538. 


I 


86-94 
(2.184 - 2.388) 


| 


oO 10 20 30 40 50 60 70 8° 
90-| | { i | | 
















he: 

SIONS. 
Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indi 
Grid Gradu are in Mils (10—3 inch]. 


O 60 70 8 


0 20 80 40 5 | 





0 88 
a) 





agi 
+ ALY 


eal 


i, 
Le 

ise en) 

ea OE a =i 


ra 


(ues eller 
real | Slam 
— = == u Re : 
ailiss d 
Lb 4-10 
10.102-0.254) 





[ns —_. 4-10 -88 
(0.102-0.254) (2.032- 2.235) goke canbe 
85-93 
(2.159- 2.362) 
92CS-35068 
Dimensions and pad layout for CD4052BH. Dimensions and pad layout for CD4053BH. 
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CMOS Liquid-Crystal 


Display Drivers 
High-Voltage Types (20-Volt Rating) 
CD4054B — 4-Segment Display Driver 


CD4055B — BCD to 7-Segment Decoder/Driver with 


“Display-Frequency” Output 


CD4056B — BCD to 7-Segment Decoder/Driver with 


Strobed-Latch Function 


The RCA CD4055B and CD4056B types are 
single-digit BCD-to-7-segment decoder/driver 
circuits that provide level-shifting functions 
on the chip, This feature permits the BCD 
input-signal swings (Vpp to Vgs) to be the 
same as or different from the 7-segment 
output-signal swings (VDD to VEE). For 
example, the BCD input-signal swings (Vpop 
to Vgg) may be as smail as 0 to —3 V, where- 
as the output-display drive-signal swing (Vpp 
to VEE) may be as large as from Oto —15V. 
If Vpp to VEE exceeds 15 V, Vop toVss 
should be at least 4V (0 to —4V). 

The 7-segment outputs are controlled by 
the DISPLAY-FREQUENCY (OF) input 
which causes the selected segment outputs 
to be low, high, or a square-wave output 
(for liquid-crystal displays). When the DF 
input is low the output segments will be 
high when selected by the BCD inputs. 
When the DF input is high, the output 
segments will be low when selected by the 
BCD inputs. When a square-wave is present 
at the DF input, the selected segments will 
have a square-wave output that is 180° out 
of phase with the DF input. Those segments 
which are not selected will have a square- 


wave output that is in phase with the input. 


OF square-wave repetition rates for liquid- 
crystal displays usually range from 30 Hz 
(well above flicker rate) to 200 Hz (welt 
below the upper limit of the liquid-crystal 
frequency response). The CD4055B pro- 
vides a level-shifted high-amplitude DF out- 
put which is required for driving thecommon 
electrode in liquid-crystal displays. The 
CD4056B provides a strobed-fatch function 
at the BCD inputs. Decoding of all input 
combinations on the CD4055B and CD4056B 
Provides displays of O to 9 as well as L, P, 
H, A, —, and a blank position. 


The CD4054B provides level shifting similar 
to the CD4055B and CD40568 independently 
strobed latches, and commen DF control on 
4 signal lines. The CD4054B is intended to 
provide drive-signal compatibility with the 
CD4055B and CD4056B 7-segment decoder 
types for the decimal point, colon, polarity, 
and similar display lines. A level-shifted 
high-amplitude OF output can be obtained 
from any CD40548 output line by connect- 


CD4054B, CD4055B, CD4056B Types 


Features: 
®@ Operation of liquid crystais with CMOS 


circuits provides ultra-low-power displays 


@ Equivalent ac output drive for liquid- 


crystal displays — no external capacitor required 


@ Voltage doubling across display, e.g. 


Vob — VEE = 18 V results in effective 


36 V p-p drive across selected display 
segments 

Low- or high-output level de drive for 
other types of displays 


input- and output-level swings 

= Ful! decoding of al) input combinations: 
0-9, L, H, P, A,-, and blank positions 

® Strobed-latch function—CD4054B Series 
and CD4056B Series 

® DISPLAY-FREQUENCY (DF) output 


for liquid-crystal common-line drive signal— 


CD4055B Series (CD4054B Series also: 
see introductory text} 


= 100% tested for quiescent current at 20 V 


Maximum input current of 1 vA at 18 V 
over full package temperature range; 
100 nA at 18 V and 25°C 
Noise margin (over full package temper- 
ature range): 

1VatVpp=5V 

2V at Vpp = 10 V 

2.5 Vat Vpp = 15 V 

® 5-V,10-V, and 15-V parametric ratings 


Applications 

® General-purpose displays 
Calculators and meters 
Wali and table clocks 
Industrial control panels 
Portable lab instruments 
Panel meters 

Auto dashboard displays 
Appliance control panels 


ing the corresponding input and strobe lines 
to a low and high level, respectively and 
applying a square wave to DFyy. The 
CD4054B may also be utilized for logic-level 
“up conversion” or ‘down conversion”. For 
example, input-signal swings (Vpp to Vss) 
from +5 to 0 V can be converted to output- 
signal swings (Vpp to VEE) of +5 to —5 V. 
The fevel-shifted function on all three types 
permits the use of different input- and out- 
put-signal swings. The input swings from a 
low level of Vgs to a high level of Vpp while 
the output swings froma low level of VEE to 
the same high level of Vpp. Thus, the input 
and output swings can be selected indepen- 
dently of each other over a 3-to-18 V range. 
Vss may be connected to VEE when no 
level-shift function is required. 


For the CD4054B and CD4056B, data are 


On-chip logic-level conversion for different 


STROBE 


DIS. FREQ IN 
Vee 


oe 
BYR SUNE 


ss 
% 7-SEGMENT 


OUTPUTS 
92C8~24487 


CD4056B 
Terminal Assignment 





STROBE 4 1° po 

DISPLAY FREQ. IN 2 IN4 
oura 13 STROBE 3 

ouTs —44 IN3 
ouT2 —45 STROBE2 

our 6 IN2 
Vee 7 STROBE | 

Vss 8 int 





92CS-244985 


C84054B8 Terminal Assignment 





DISPLAY FREQ.OUT 10 Yoo 
22 —42 t 
sco j2! 3 q 
act st, 
Inputs!) 2 : A es 
Ts 
DISPLAY FREQ. IN 6 c \ OUTPUTS 
Vee 7 b 
ss 8 a 
92Cs-24486 


CD40558 Terminal Assignment 


transferred from input to output by placing 
a high voltage level at the strobe input. A 
low voltage level at the strobe input latches 
the data input and the corresponding output 
segments remain selected (or non-selected) 
while the strobe is low, 


Whenever the level-shifting function is re- 
quired, the CD4055B can be used by itself 
to drive a liquid-crystal display (Fig.16 and 
Fig.20). The CD4056B, however, must be 
used together with a CD4054B to provide 
the common DF output (Fig.19). The capa- 
bility of extending the voltage swing on the 
negative end (this voltage cannot be extended 
on the positive end) can be used to advantage 
in the setup of Fig.18. Fig..17 is common 
to all three types, 


The CD4054B-, CD4056B-, and CD40568- 
series types are available in 16-lead ceramic 
duat-in-line packages (D and F suffixes), 16- 
lead plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and inchip 
form (H suffix). 
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CD4054B, CD4055B, CD4056B Types 
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Fig.1 — CD40548 functional diagram. 
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Fig.2 - CD4055B8 functional diagram. 
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Fig.3 — CD40568 functional diagram. 


TRUTH TABLE FOR CD4055B and CD4056B 





INPUT CODE 
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OUTPUT STATE 
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Fig.4 — Typical propagation delay time vs. 
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Fig.5 — Typical propagation delay time vs, load 
capacitance for CD4055 and CD4056B. 
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Fig.7 — Typical input clock frequency vs. 
power dissipation. 














CD4054B, CD4055B, CD4056B Types 


MAXIMUM RATINGS, Abdsoiute-Maximum Vaiues: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vgg Terminal) ........ eee ccc cece eee eee eect cece es eteeeen nee -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS .. -0.5 to Vpp +0.5 V 
OC INPUT CURRENT, ANY ONE INPUT .. 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ty = ~40 to +60°C (PACKAGE TYPE E) ......... cece cece cece cece eter ee eee eee ee ete eenens 500 mw 

For T, = +60 to +85°C (PACKAGE TYPE £) ........ Derate Linearly at 12 mW/°C to 200 mW 











For Ty = ~55 to +100°C (PACKAGE TYPES D, F, K) .... 60.0020 cece e eee eens eee pect eee enees 500 mW 

For T, = +100 to +125°C (PACKAGE TYPES D,F,K) .......... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For Ty = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............-.200-0005 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F,K,H ....--..eecceeeeseeee -55 to +125°C 

PACKAGE TYPE E ...... 00... .ceee eee ee -40 to +85°C 
STORAGE TEMPERATURE RANGE (stg) -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. 26.6... cece eee ene eee +265°C 


STATIC ELECTRICAL CHARACTERISTICS 








LIMITS 
Vatues at -55, +25, +125 Apply to D, F, K, H, Packages 
Values at —40°,+259,+85°C Apply to E ae 


150 | 150 
300 e007 







CONDITIONS 





Characteristic 














Quiescent Device 
Current, 19D 
MAX. 

















Output Voltage: 








Low Level, VoL 
MAX. 











High Level, VoH 
MIN. 


















Input Low 
Voltage, 
Vit MAX. . 


















Input High 5,4. 
Voltage, 191, 10 

Vin MIN. at 

+ 














Output Low 
(Sink) 
Current, tor 
























Output High 
{Source) 
Current, JOH 
































Input Current, 





INPUTS OUTPUTS 


vim 
ss ~“@ 
2 
Yiu 7 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
92C$-2744181 


92CS- 2740)RI 


Fig. 11 — Quiescent-device-current test circuit. Fig. 12 ~ input-voltage test circuit. 
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ORAIN-TO-SOURCE VOLTAGE (Vpg)—V 
92Cs- 35983 


Fig.8 — Typical n-channel output low (sink) 
current characteristics. 
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Fig.9 — Minimum n-channel output low (sink) 
current characteristics. 
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Fig.10— Typical pchannel output high (source) 
current characteristics. 
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Fig. 13 — Minimum p-channel! output high 
(source) current characteristics. 
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CD4054B, CD4055B, CD4056B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Cy = 50 pF, Input ty, te = 20 ns, 
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Ri = 200 kQ he 
INPUTS 
LIMITS Yop NOTE: 
ara ALL PACKAGE TYPES road Severin 
CHARACTERISTIC iw | vy ty) |_£24054_cb4055.co4056 UNITS = ConmECT UMTS 
3 = 
Propagation Delay Time, [-s | o] 5 | ‘s 
| _575 | 


tPHL TPLH | o | o | 10 | 

{Any Input to Any Output) | 0 | | 15 | 
18 | 

| 5 _| 

[10 | 


Fig. 14 — Input-current test circuit. 






Transition Time, trHL tTLH 
(Any Output) 


slalsls| gials 

O,O}O als 
Ww 
~~ 
or 


Minimum Data Setup 
Time, tg* 


FE a E 3 


ae BL ee, 





* | 110 | 220 | _110 | 220 | 
50% 50% 
Minimum Beco Fue! Teor 10 60] 100r|: 20 Tain . 
idth, ty i 

verre iy [-|-[-[s][ =| 

Any Input) ; 

{Any Inp Fig.15 — Data setup time and strobe 
* CD4054 and CD4056 only. pulse duration, 


RECOMMENDED OPERATING CONDITIONS at T, = 25°C (Unless otherwise specified) 
For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 














Vee | Vss [Yoo | UMTS unas 
T c UNITS 
iaaudiatedl wy [Min T mex. | see 
Supply Voltage Range: ‘ BFour me 
(At Ta = Full Package 
Temperature Range) DISPLAY T S Baer 
DRIVER OUTPUT 
[-s [o | s | 20 {| = | ae ae een 
Setup Time (t@ [0 | 0 | 10 | 100 | — | (sro ‘ 
Strobe Pulse Width (ty)® See] 
es ee 





Yoo 
OF nO LPL LP LAL PLP 
IN Vss 
voo 
OF our PULLS A 
Vee. 
—— Yo 
OF out LULL, 
VEE 
Voo 
SEGMENT IN? j | 
Vee- 
vod 
SEGMENT OUT LULA LAL 
VEE 
+(Vpo-Vee?) 
’ HULU 
-(V¥pp-Yee) 
RESULTANT LIQUID-CRYSTAL SEGMENT WAVEFORM IF DFgur 'S 
APPLIED TO LIQUID-CRYSTAL COMMON LINE 


® For CD4054 and CD4056 only. 


























DFiy *OISPLAY-FREQUENCY INPUT 92C8- 20094R1 
DF gute LEVEL- SHIFTED DISPLAY- FREQUENCY OUTPUT 
LIQUID ~ CRYSTAL 


COMMON ELECTRODE 92¢s-20095R2 (b) 








Fig. 16 = Clock display: Vpp =O V, Vgsg=-5 V, Veg =—15 V, DF iy = 30 Hz square wave, 


Fig.77 — Display-driver circuit for one segment line 
and waveforms, 
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CD4054B, CD4055B, CD4056B Types 





ANALOG OUTPUTS (*5 Vy) 


92CS-20096R2 


Fig. 18 — Digital (0 to +8 V) ta bidirectional analog 


control (+5 to —5 V) level shifter. 


Yoo 


BCD IN FROM 
OTL, TTL,OR 
COS/MOS LOGIC 


CO4055 





Vss VEE 


30 Hz SQUARE WAVE, 
FN BW AMPLITUDE 
DISPLAY- FREQUENCY 
OF OUT "oUF is V AMPLITUDE 


92CS~ 20089 R2 


Fig.20 ~ Single-digit liquid-crystal display. 


The photographs and dimensions of each CMOS chip 
yepresent a chip when it is part of the water. When the 
water is separated into individual chips, the angie of 
Cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
Chip, theretore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mits applicable to the nominal 
dimensions shown. 


Dimensions in parentheses are in millimeters and are 
Derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch}. 


Pe 
RET 
(0.102 ~0.254) 
72-80 
(1.829- 2.032) 


Dimensions and pad layout for CD4054B8H, 











SEGME: 
ELECTRODES 





Vgg 2-5 V 


No.4 Nes Nes. Ne 
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STROBE 











92CM- 2 58S9RI 


Fig. 19 — Typical 3%-digit liquid-crystal display: 
Vop = +5 V, Vsg =O V, Veg=-10 V, 
DF jj = 30 Hz square wave, 
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cD4055 
OR 
co40s6 








928 -27058 


Fig.21 — Conversion of “H’ display to “F” display. 


In addition to the letters L, H, P, and 
A (See the truth table), five other tetters 
can be displayed through the use of simple 
logic circuits preceding and following the 
CD4055B or CD4056B devices. Fig.21 is an 
example of a circuit that converts an “H”’ 
display (code 1011) to an “F” display. 
One condition that must be met is that 
VeeE=Vss. If VEE#Vss, the CD4054B must 
be used to level shift in the appropriate Places. 





al 


[8 -10 
{0102-0254} 











90-98. 
(2287-2469) 92CM-35108 


92cS- 27082 


Dimensions and pad layout for CD4055BH 








In a similar manner the letters C, E, J, and 
U can be displayed. These circuits can also 
be used to drive LED displays provided the 
exclusive-OR gates have sufficient output- 
current drive. 

The letters B, D, G, |, O, and S may be rep- 
resented by the codes for numbers 8, 0, 6, 
1, 0, and 5, respectively, when there is pre- 
knowledge that only letters are to be dis- 
played, 


77-935 
(1.956-2.159) 





° 


La 4-10 
(0.102-0.254) 
30-98. 
(2.286-2.489} 


92CM-35107 








Dimensions and pad layout for CD4056BH 
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CD4060B Types 


CMOS 14-Stage Ripple- 


Carry Binary Counter/Divider 


and Oscillator 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4060B consists of an oscillator 
section and 14 ripple-carry binary counter 
stages. The oscillator configuration allows 
design of either RC or crystal oscillator 
circuits. A RESET input is provided which 
resets the counter to the all-O’s state and 
disables the oscillator. A high level on the 
RESET line accomplishes the reset function. 
All counter stages are master-slave flip-flops. 
The state of the counter is advanced one 
step in binary order on the negative transi- 
tion of Pf (and ¢o). All inputs and outputs 
are fully buffered. Schmitt trigger action 
on the input-pulse line permits unlimited 
input-pulse rise and fal! times. 


The CD4060B-series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (DandF suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chip form (H 
suttix). 


® R»HIGH DOMINATES (RESETS ALL STAGES) 


A COUNTER ADVANCES ONE BINARY COUNT 
ON EACH NEGATIVE ~ GOING TRANSITION 
OF $I (AND $0) 





Features: 

“12 MHz clock rate at 15 V 

Common reset 

Fully static operation 

Buffered inputs and outputs 

Schmitt trigger input-pulse line 

100% tested for quiescent current at 20 V 


Standardized, symmetrical output 
characteristics 

5-V, 10-V, and 15-V parametric ratings 
Meets all requirements of JEDEC Tentative 
Standard No. 13B, “Standard Specifica- 
tions for description of ““B’ Series CMOS 
Devices” 


Oscillator Features: 
= All active components on chip 
8 RC or crystal oscillator configuration 


#® RC oscillator frequency of 690 kHz 
min. at 15 V 


Ql2,Q13 


Yop * ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NET WORK 


92CM-29074R2 
Vss 


Fig.1 — Logic diagram. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp} 
(Voltages referenced to Vsg Terminal} 

INPUT VOLTAGE RANGE, ALL INPUTS . 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E} 
For Ta = +60 to +85°C (PACKAGE TYPE E) 


For T = -85 to +100°C (PACKAGE TYPES D,F,K). . 


For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FULL PACKAGE-TEMPERATURE RANGE (All Package Types? 


FOR Ta 
OPERATING. TEMPERATURE RANGE (Ta) 


PACKAGE TYPESD,F,KH. 2... ee ee 
PACKAGE TYPEE.. 2... 6-0 eee ee ee 


STORAGE TEMPERATURE RANGE tT 51g) 
LEAD TEMPERATURE (DURING SOLDERING) 


At distance 1/16 * 1/32 mnch (1.59 * 0.79 mm) from case for 10s max. 


218 


7 -0.510 +20 V 
~0.5 to Vpp +0.5V 
OMA 


Derate Linearly at 12 mW/°C to 200 mW 


: : Boa eae Sa a aS 500 mW 


+265°C 


RIPPLE 
COUNTER 


92C5-29073R) 


FUNCTIONAL DIAGRAM 





Applications 

8 Control counters 
@ Timers 

© Frequency dividers 
®§ Time-delay circuits 








g2cs-29072 


Fig. 2 — Detail of typical flip-flop stage. 
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Fig. 3 — Typical n-channel output low (sink) 
current characteristics. 











| STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 


Values at ~55, +25, +125 Apply to D, F, K, H, Packages 
Values at —40, +25, +85 Apply to E Package 





CHARAC- 
TERISTIC 


CONDITIONS 














Vo | Vin |Vop a ec 
ww) | ow) | Ww) 40 | +85 |+125 | min. | Typ. | 






Current, 
lbp Max. 











Output Low 






ren 
| lo Min. 2 34 





Output High 






b i. 4 
Pe a 8 






° 
b 


S 2o oS 
a mm on 
a a a 











(Source) ~1.3]-1.15 
Current*, 
13.5 4 24] —3.4 





Output Voltage: 
Low-Level, 
Vor Max. 







Output 

Voltage: 
High-Level, 
VOH Min. 








_~ 
Cee ee Sa eS 

















Input Low 
Voltage 
Vit Max. 







< 


Input High 
Voltage, 
Vin Min. 


Input Current 
lin Max. 


* Data not applicable to terminal 9 or 10. 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges 


CHARACTERISTIC 
Supply-Voltage Range (For Ta = Full Package 
Temperature Range) 


Input-Pulse Width, ty (f = 100 kHz) 















ia 

— 

$ 
o 













Input-Pulse Rise Time and Fal! Time, trp leg 






Input-Pulse Frequency, for (External pulse source) 






Reset Pulse Width, tw 





CD4060B Types 
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Fig. 4 — Minimum a-channel output low (sink) 
current characteristics. 
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AMBIENT TEMPERATURE (Ta}=25' 
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OUTPUT HIGH (SOURCE) CURRENTILoH)—mA 




















Fig. 5 — Typical p-channel output high (source) 
current characteristics. 
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92cs-2a3zine 
Fig. 6 — Minimum p-channel output high (source) 
current characteristics. 
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Fig. 7 — Typical propagation delay time (Q, to Q,+1) 
29s 2 function of load capacitance. 
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CD4060B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tay = 25°C, Input t,, si 20 ns, 
C. =56p RL = 200 k2 













TEST 


CONDITIONS 






S 
= 
a 


CHARACTERISTIC UNITS 


s 
4 
< 
7 


Input-Pulse Operation 











Propagation Delay 
Time, ¢¢ to Q4 Out; 
tPHL. tPLH 














Propagation Delay 
Time, Qa to On+1; 


tPHL. tPLH 


Transition Time, 
‘THL. (TLH 


Min. Input-Pulse 


= H 
Width, tw cre Re 


NS NPTNQ)JO)PN 


Input-Pulse Rise & Fall 


Time, trp: tg Unlimited 


Max. Input-Pulse 
Frequency, fet 
(External pulse 
source) 


Input Capacitance, C1 


alo 


- 
Nn 
°o 


= 
a 
_ w 
Nn a 
~~ 
on 





Any Input 






Reset Operation 









Propagation Delay 
Time, tPHL 









Minimum Reset 
Pulse Width, tw 

















RESET RgIS 2Ry TO 1OR, 
T#2.2 RyxCy 


eroaow sur — 


PULSE 
GENERATOR 


9209-31254 = 


92C8-31252RI 


Fig. 11 — Dynamic power dissipation test circuit. Fig. 12 — Typical RC circuit. 
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Fig. 8 — Typical propagation delay time (p; to Q4 


Output} as a function of load capacitance. 
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Fig. 9 — Typical transition time as a function 











of foad capacitance. 























INPUT FREQUENCY (fg) —&Hz 92CS-31251 


Fig. 10 ~ Typical dynamic power dissipation as a 
function of input frequency. 
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Fig. 13 — Typical crystal circuit. 
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CD4060B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t,, t, = 20 ns, 
Cy = 50 pF, Ry = 200 kQ [cont'd] 


Yop 





TEST 
CHARACTERISTIC CONDITIONS 
RC Operation 
Variation of Fre- Cx sm PF. 
uency {Unit-to-Unit) Ais BOO ks: 
2 Ry = 50k Yss 
92CS- 27401Rt 
Variation of Fre- Cy = 200 pF, 5V to 10 V Fig, 14 — Quiescent device current. 


quency with voltage Rg = 560 k&2, 
change (Same Unit) Rx = 50 kQ 


Ry max. ; 
00 
INPUTS OUTPUTS 
Vv, 
Cy max. Rx = 500 kQ Fee ‘ 
= 300 kQ Yin = 
= 300 kQ = 


NOTE: 


10V to 15V 





Maximum Oscillator Vss TEST ANY COMBINATION 
” OF INPUTS 
Frequency 92CS-274641R1 
Drive Current at ; Fig. 15 ~ Input voltage. 
Pin 9 (For Oscillator 
Design) 
Yop 
INPUTS 
Yoo NOTE 
MEASURE INPUTS 
One SEQUENTIALLY, 
Vss TO BOTH Vpp AND Vgg- 
CONNECT ALL UNUSED 
% ¥ 5 5 INPUTS TO EITHER 
RC oscillator applications are not recommended at supply voltages below 7 V for Ry < 50 kQ, Vp OR Veg: 
Vss 


9208-27402 


Fig. 16 — Input current. 


TERMINAL DIAGRAM 





91-99 
(2.311-2.515) 





(TOP VWEW) 
92CS~2376IRZ 





i 





Ormensions in parentheses are in millimeters and 


| ' Lt 
ee i 
i Inui 
ed uu Bilin) are derived from the basic inch dimensions as in- 
7% dicated. Grid graduations are in mils (10-3 inch}. 


4-10 
(0.102-0.254) | The photographs and dimensions of each CMOS chip 
105-113. represent a chip when it is part of the water. When the 
(2.667- 2.870) water is sepatated into individual chips. the angle of 
92CM-35106 cleavage may vary with respect to the chip face for 
different chips. Thé actual dimensions of the isolated 
chip, therefore, may difter slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mits to +16 mils epplicable to the nominal 
Dimensions and pad layout for CD40608. dimensions shown. 
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CD4063B Types 


CMOS 4-Bit Magnitude 
Comparator 


High Voltage Types (20-Volt Rating) 


The RCA-CD40638B is a 4-bit magnitude com- 
Parator designed for use in computer and 
logic applications that require the comparison 
of two 4-bit words. This logic circuit deter- 
mines whether one 4-bit word (Binary or 
BCD) is “tess than’, “equal to”, or “greater 
than” a second 4-bit word. 


The CD4063B has eight comparing inputs 
(A3, B3, through AO, BO), three outputs (A 
<B,A=B,A > B) and three cascading inputs 
(A < B, A= B, A > B) that permit systems 
designers to expand the comparator function 
to 8, 12, 16... 4N bits. When a single 
CD4063B is used, the cascading inputs are 
connected as follows: (A < B) = tow, {A = B) 
= high, (A > B) = low. 


For words fonger than 4 bits, CD4063B de- 
vices may be cascaded by connecting the 
outputs of the less-significant comparator to 
the corresponding cascading inputs of the 
more-significant comparator. Cascading in- 
puts (A < B, A = B, and A > B) on the 
least significant comparator are connected to 
a low, a high, and a low level, respectively. 


The CD4063B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead duat-in-line plastic 
package (E suffix), 16-lead ceramic flat 
package : (K suffix), and in chip form (H 
suffix). This device is pin-compatible with 
the standard 7485 TTL type. 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating 
conditions should be selected so that 





Features: 


® Expansion to 8, 12, 16....4N bits by cascading units 
= Medium-speed operation: 
compares two 4-bit words 
in 250 ns (typ.) at 10 V 
® 100% tested for quiescent current at 20 V 
® Standardized symmetrical output characteristics 
# 5-V, 10-V, and 15-V parametric ratings 
= Maximum input current of 1 pA at18V 
over full package temperature range; 
100 nA at 18 V and 25°C 
@ Noise margin (full package temperature range) 
range) = 1 V at Vpp = 5 V 
2 Vat Vpp = 10V 
2.5 Vat Vop = 15 V 
@ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 
Applications: 


® Servo motorcontrols ™ Process controllers 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALLINPUTS . . 
DC INPUT CURRENT, ANY ONE INPUT . 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to 85°C (PACKAGE TYPE E) 
For Ta = -85 to +100°C (PACKAGE TYPES D, F, kK) 
For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR T, = FULL PACKAGE-TEMPERATURE RANGE {All Package Types) 2. . 


OPERATING-TEMPERATURE RANGE Mal 
PACKAGE TYPES D, F, K,H 
PACKAGE TYPEE . . 
STORAGE TEMPERATURE RANGE ‘ap ) 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 £ 0.79 mm) from case for 10s max. . 





operation is always within the following ranges: 
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CHARACTERISTIC ie UNITS 


Supply-Voltage Range 
(For Ta=Full Package- Vv 
Temperature Range) 


‘p TOTAL ~ 'p (ineur: s*) 


(a STAGES) 


= 250 +(2 x 200) = 650 ns (TYP.) 


Aq As Ag Az 


84 83 Be B7 


4 
WORD A 


Are 
CASCADING. 
weurs | 478 


ASB 
WORD oS 


9205-24516 


FUNCTIONAL DIAGRAM 








(TOP VIEW) 
92c8-24523 


TERMINAL ASSIGNMENT 


eh ci —0.5 to +20 V 
-0.5 to Vpp 40.5 V 
Be x10 mA 


2 500 mW 

Derate Linearly at 12 mw/ec to 200 mw 
500 mW 

Derate Linearly at 12 mW/°C to 200 mW 
100 mW 

—85 to +125°C 
—40 to +85°C 
65 to +150°C 


+265°C 


Ae Ag Ato Ay 








Ba 89 Bip Oy 


92CM-23024R1 


CASCADE 
+2x ve (hears dar Yoo * 10V 


Fig. 1 — Typical speed characteristics of a 12-bit comparator. 











CD4063B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C} 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 
CHARACTER- Values at —40, +25, +85 Apply to £ Package 
ISTIC 


Quiescent Device 
Current, 
1op Max. 


Output Low 
(Sink) Current 
toc Min. 


Output High 
(Source) 
Current, 

{OH Min. 


Output Voltage: 
Low-Level, 
VOL Max. 


Input Low 
Voltage, 


Input High 
Voltage, 
VIH Min. 


a 


Input Current 
lin, Max. 


t+ 
° 
aS 





TRUTH TABLE 


OUTPUTS 
COMPARING CASCADING 


A3 = B3 A2=B2 } A1=B1 
A3=B3 | A2=B2 | A1=Bt1 
A3=B83 | A2=B2 | A1l=B1 


A1=B1 | AO0< BO 
A1<B1 x 

x x 

x x 


X = Don’t Care Logic 1 = High Level Logic 0 = Low Levelt 








223 











CD4063B Types 


COMPARING Bo 
INPUTS TT A ebf>— a0 
x a 

0h —e) 

Be 


o 
x 
) 
| 
@ 
v 





(Ac 8)1N@—P po (As =| 
* ae 
CASCADING | (A>81IN@—le——-{A Bi -| 
INPUTS 


(As B1IN 


INPUT 
TERMINAL 


Vss 


* ALL INPUTS PROTECTED 
BY THE 
COS/MOS PROTECTION 
NETWORK 

















































































A>B)i-I 











92CL- 30935 


Fig. 2 — Logic diagram for CD40638. 


CHARACTERISTIC 



















Propagation Delay Time: 
Comparing inputs to 
Outputs, tp, tPLH 










Cascading Inputs to 
Outputs, tpHt..tPLH 







Transition Time, 
tTHL: tTLH 


Input Capacitance, Cry 
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Any Input 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At Tg = 25°C; Input t,, te= 20s, C, = 50 pF, Ry = 200kQ 


625 1250 





is : 7 : 2 Ly ae 
3 = = E = “ (A>BIOUT 









AMBIENT TEMPERATURE (Ta)e 25 % 


P* 
i] 











OUTPUT LOW (SFNK) CURRENT (Ip,) — mA 





oO Ey 0 ry 
DRAIN-TO-SOURCE VOLTAGE (Vos)—V 
9205-24010R3 


Fig. 3 — Typical output low (sink) 
current characteristics, 





AMBIENT TEMPERATURE (T,)925°C 

















GATE —TO-SOURCE VOLTAGE (Vgg)«15 V. 





















































« 
€ 
t 
8 
iS 
zi2g| 
5 
x 
& 
3 10) 
Fi 
3 75 ov 
x 
° 
3 
E 
5 
E asl Sv 
3 
° 3 © 
RAIN-TO-SOURCE VOLTAGE (Vpg)—¥ 


ezcs-2eargm 
Fig. 4 — Minimum output low (sink) 
current characteristics, 
DRAIN- TO- SOURCE VOLTAGE (Vps)—¥ 
-8 ~10 -5 ° 
[AMBIENT TEMPERATURE (Ta)=25 °C: 
GATE -TO-SOURCE VOLTAGE (Vgs)°-5V. 


t 
8 
OUTPUT HIGH (SOURCE) CURRENTII oH)— mA 











10V 
































~15V] 


9208-24 32083 
Fig. 5 ~ Typical output high (source) 
current characteristics. 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


-15 -\0 -5 9. 
AMBIENT TEMPERATURE (Ta) 25°C 






























































































































































+ « 
GATE -T0- SOURCE VOLTAGE (Vgg)"-5 V € 

-5 8 

= 

: F 

. it. + + & 
oo ade cont IOV o 

Fertrt: + sad at tettte peg 

+ TFT E: 7’ 2 

° 

= anaes TEE : a 
He =15 Vv th Fc 

+ Led 

THe t ce 

i 5 

a 

egasene Toh 5 

HIE HEHE Hit] | 













































































secs-263z182 
Fig. 6 ~ Minimum output high (source) 
current characteristics. 














itt 
Etat 
Hit 


” 
LOAD CAPACITANCE (C,_] — pF 


PROPAGATION DELAY THE (ova tony i~ae 


92C$- 2451? 


Fig. 7 — Typical propagation delay time 
vs. load capacitance (“comparing 
inputs” to outputs). 





oO seme 
B|AMBIENT TEMPERATURE (Ty) «28°C TI 





POWER DISSIPATION (Pp) — »w 




















oo ® 468, t 468 et a eeet 


INPUT FREQUENCY (f1— tet 


ae 4 ao4ae Bot 
‘SCS -24919R1 
Fig. 10 — Typical power dissipation vs. frequency 
(see Fig. 12 ~ dynamic power 
dissipation test circuit). 


Yoo 
INPUTS OUTPUTS 
vin ; 
o a 
Vin a 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
9203-2 7441A—1 


Fig. 13 — Input-voltage test circuit. 





P2C5- 274011 


Fig. 14 — Quiescent-device-current test circuit. 









PROPAGATION OELAY TIME (toy tenn }— 98 


Een En 
Te 
MEE 


25 7S 16 12518 
SUPPLY VOLTAGE (Vpp)—Vv 









75 20 


S2cs-24510 


Fig. 8 — Typical propagation delay time vs. supply 


voltage (“comparing inputs” to outputs). 


NPULS 
Yoo wore: 
MEASURE INPUTS 
SEQUENTIALLY, 
Vas TO BOTH Vp ANO Vgs- 


CONNECT ALL UNUSED 
INPUTS TO EITHER 


Vo OF Vsg- 
¥§s 


9208-27802 


Fig. 17 — Input current test circuit, 


4-10 
(0.102-0.254) 
77-85 





CD4063B Types 


ee 
ae ee LRA 
Ee 


Fee 


TRANSITION TIME (tri, STLHI— 8s 





LOAD CAPACITANCE (Cy )—pF 
92c8-26s2? 


Fig. 9 — Typical transition time vs. load capacitance. 









“00 coaozsa 
(IN BINARY 


otcs-26820R 


Fig. 12 — Dynamic power dissipation test circuit. 


60-68 
1.524-+1.727) 


92CM-33658 


Dimansions and pad layout for CO40638H, 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (1075 inch). 


The photographs and dimensions of each CMOS chip 
represent a Chip when it is part of the water. When the 
wafer is separated into individual chips, the angie of 
Cleavage may vary with respect to the chip face for 
Cifferent chips. The actual dimensions of the isolated 
chip, therefore, may ditfer slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown, 

















CD4066B Types 


CMOS Quad Bilateral 
Switch 


For Transmission or Multiplexing of Analog or 


Digital Signals 
High-Voltage Types (20-Volt Rating) 


The RCA-CD40668B is a quad bilateral switch 
intended for the transmission or multiplex- 
ing of analog or digital signals. {t is pin-for- 
pin compatible with RCA-CD4016B, but 
exhibits a much lower on-state resistance. In 
addition, the on-state resistance is relatively 
constant over the full input-signal range. 


The CD4066B consists of four independent 
bilateral switches. A single control signal is 
required per switch. Both the p and the n 
device in a given switch are biased On or 
off simultaneously by the control signal. 
As shown in Fig.1, the well of the n-channel 
device on each switch is either tied to the 
input when the switch is on or to Vgg when 
the switch is off. This configuration elimi- 
nates the variation of the switch-transistor 
threshold voltage with input signal, and thus 
keeps the on-state resistance low over the full 
operating-signal range. 


The advantages over single-channel switches 
include peak input-signal voltage swings equal 
to the full supply voltage, and more constant 
on-state impedance over the input-signal 
range. For sample-and-hold applications, 

however, the CD4016B is recommended. 


The CD4066B is available in 14-lead ceramic 
dual-in-line packages (D and F suffixes), 
14-lead plastic dual-in-line packages (E suf- 
fix), 14-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE. (Vpp) 
(Vottages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 


OC INPUT CURRENT, ANY ONE tNPUT (except tar TRANSMISSION GATE which is 25 mA). THOMA 


POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = ~40 to +60" C (PACKAGE TYPE E) 
For Ta = +60 to +85" C (PACKAGE TYPE €) 


For Ta, = -55 to +100°C (PACKAGE TYPES D, F, K) 
For T, = +100 to +125°C (PACKAGE TYPES D.F,K) Derate Linearty at 12 MW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


Features: 
= 15-V digital or +7.5-V peak-to-peak switching 
@ 1252 typical on-state resistance for 15-V operation 
® Switch on-state resistance matched to within 5 2 over 
15-V signal-input range 
® On-state resistance flat over full peak-to-peak signal 
range 
8 High on/off output-voltage ratio: 80 dB typ. @ 
fig = 10 kHz, Ry = 1k 
® High degree of linearity: <0.5% distortion 
typ. @ fis = 1 kHz, Vis = 5 Vp-p, VoD — 
Vss >= 10 V, RE = 10kQ 
® Extremely low off-state switch leakage 
resulting in very low offset current and high 


IN/OUT 
SIG 4 


OUT/IN 


OUT/IN 
siG 8 
IN/00T 


CONT 5. 


IN/OUT 
SIG 0 


OUT/IN 





FUNCTIONAL DIAGRAM 





effective off-state resistance: 10 pA typ. @ Applications: 
Vpp — Vgg = 10 V, Ta = 25°C ® Analog signal switching/multiplexing 
® Extremely high control input impedance Signal gating Modulator 
(control circuit isolated from signal cir- Squetch control Demodulator 
cuit): 1012 Q typ. Chopper Commutating switch 
® Low crosstalk between switches: —50 dB 8 Digital signal switching/Multiplexing 
typ. @ fj, = 8 MHz, Ry = 1kQ ® Transmission-gate logic implementation 
& Matched control-input to signal-output ® Analog-to-digital & digital-to-analog 
capacitance: Reduces output signal conversion 
transients & Digital control of frequency, impedance, 
= fers response, switch on = 40 MHz phase, and analog-signal gain 
p. 


@ 100% tested for quiescent current at 20 V 

5-V, 10-V, and 15-V parametric ratings 

@ Meets all requirements of JEDEC Tentative 
Standard No.13A, “Standard Specifications 
for Description of “B’”’ Series CMOS Devices” 


-05t0+20V 
~0.5 to Vnp +05 V 





CONTROL 


500 mw CONTROL 


Derate Linearly at 12 mwi°C to 200 mw 
500 mW 





FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types! TOO a.W CoutroL “Lin BIASING 


OPERATING.TEMPERATURE RANGE a) 
PACKAGE TYPES D, F, K, H 


SWITCH ON,YC"I® Vop 
SWITCH OFF, Vo "0" *Vsg 


-55 to +125°C 


PACKAGE TYPE E =40t0 +85°C ALL "P* SUBSTRATES 6 
STORAGE TEMPERATURE RANGE Ty ~65 to +150°C CONNECTED TO Yop 
LEAD TEMPERATURE (DURING a _ tT 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max +265°C ALL CONTROL INPUTS ARE 


PROTECTED BY COS/MOS 
PROTECTION NETWORK 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that oper- 
ation is always within the following ranges: 


LIMITS 
CHARACTERISTIC : UNITS 
Min. 
Supply-Voltage Range (For TA = Full Package- 
Temperature Range) 

















Fig.1 — Schematic diagram 


SWITCH 


SIGNAL-LEVEL RANGE 
sg “Vis =Yoo 


Yoo 


Vs gzes-2giis 


of 1 of 4 identical 


switches and its associated control 


circuitry. 
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CD4066B Types 






ELECTRICAL CHARACTERISTICS 





LIMITS AT. INDICATED TEM- 
PERATURES (°C) 
lalues at -55, +25, +125 Apply 
Characteristic Test Conditions jo D, F, K, H Packages 
Values at —40, +25, +85 Apply to 
E Package 


a sa aa 






ON-STATE RESISTANCE (Row) —2 


at inet 
en 


Quiescent Device seu sie vaca ee - - ‘ec -27326Rt 
Current, Ipnp lois} 15 [1] Fig. 2— Typical on-state resistance vs. input signal 


voltage fall types). 
Ve= Yop 
On-State Ry, = 10 kQ2 returned 
Resistance, ro, to Vpp - Vss 5 850 200 31300) 47017056 


Max. in aa | 10 | 310} 330] 500] sso] 180] 400] 


Vis= Vss t9 Vop 











1 


CHANNEL ON- STATE RESISTANCE (Ron)—2 { 





SUPPLY VOLTAGE (Voo 





a 
i=] 


AOn-State 


Resistance ome 


=) 
6 


lo 8 


Between Any RL 10k, Ve = Von 
2 Switches, Argn 














“10-75 -5 -25 9 28 § 5 10 
Total Harmonic Vc=Vpp =5V, Vgs= -5V, Vis(p-p) INPUT SIGNAL VOLTAGE (Vj) — v 92CS-27327RI 
Distortion, = §V (Sine wave centered on OV) 


THD Ry=10 k&t, fj,=1 kHz sine wave 


—3dB Cutoff Vc=Vpp=5V. Vss=—5V. Vis(p- p) 


oe =6V (Sine wave centered on OV 
(Switch on} Ri=1 kQ, 





Fig. 3— Typical on-state vs. input signal voltage 
fall types). 





—50dB Feed- 
through VorVss= -5V, Visip- p) = 
Frequency Sine wave centerd on 0 V 


(Switch off) Ry = 1kQ 


{nput/Output 
Leakage Current 
(Switch off) 
lig Max, 





o 
I+ 
ao 
uo 


nN 
: = 


a 
{ 
5 
An: 
¥ 
: 
i 





INPUT SIGNAL VOLTAGE (Vig) — V 
—50 dB 92cs-27s29R\ 
Crosstalk 


Fig. 4— Typicat on-state resistance vs. input signal 
Frequency 


voltage {all types). 


ae 
as 


Propagation D 
Delay (Signal GND, Cy =5 
Input to Signal |Vj, = 10 V (Square 
Output) tod wave centered on § V 
tr, tf = 20 ns 





Feedthrough, 
Cios 





CHANNEL ON-STATE RESISTANCE (Roy)—2 





A oe Fea eee bend ea esos Bae 
~10 -75 ~8 -25 O 25 5 75 10 
INPUT SIGNAL VOLTAGE (Vi) — V 92cS-27530RI 





Fig. 5— on-state resistance ys. input signal 
voltage fall types). 
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CD4066B Types 


ELECTRICAL CHARACTERISTICS (cont'd) 


KEITWLEY 
«(60 DIGITAL 
MULTIMETER 





LIMITS AT INDICATED 

TEMPERATURES (°C) 
Characteristic Test Conditions Values at -55, +25, +125 

Apply to D, F, K, H, Packages 

Values at —40, +25, +85 Apply to 


92cs-22716 


Fig, 7 — Channel on-state resistance measurement 
























































Control (Vc) circuit. 
Control Input Nigh <1OpA 

Low Voitage, Vis=Vss-Vos= Voo 

Vic Max. and 

Vis = Vo. Vos = Vss [] aMeieNT TEMPERATURE (Tq) + 25¢C 
3) Vpp "2-5 V. Veg" 2.5 
INPUT » TERM. 1, OUTPUT = TERM. 2 10K 

Control Input 7 eae} xy IK. 

High Voltage, See Fig. 6 viii rs 5008 

©) en, 

VIHC 1 : 1008 
Input Current, Vis = Vop = 

linn Max. Vie - Us = 18V vA || 3 Biro, 

Vcc < Vop ~ Vss 5 _Eenee 
= - 

Crosstalk (Con- Vc = 10 V (Sq. Wave} 5 oy 

trol Input to tr, ty = 20 ns mV -2Pe ’ 

Signal Outpt) Ryu = 10 ks eo ane CONNECTED TO oe. 
Turn-On and Vin = Vpp er aT 1 2 3 4 

Turn-Off ty, = 20 05 . INPUT VOLTAGE (Vr) —V 9208-30819 

i Cy = 50 pF n 
poe, emae RL =4 Ka Fig. 8—Typical ON characteristics for 1 of 
4 Channels. 


Vis = VpD. Vss = GND, 
Ry = 1kQ to gnd, 
Maximum CL = 50 pF, 
Control Input Vc = 10 V{Square 
Repetition Rate | wave centered on 5 V) 
tr, te = 20 ns, 
Vos = 2 Vos @ 1 kHz 











Input 
Capacitance, 


Cin 

















POWER DISSIPATION PER PACKAGE [Pp)~-pW 























Vop | Vis 
{v) (v) 


r) 
Py z a 6 8 oe z 


SWITCHING FREQUENCY (1)— kHz 


92¢8-30920 


Fig. 9 — Power dissipation per package vs. switching 




















frequency. 
2.8 
Cios 
MEASURED ON BOONTON 
Ppicay P Vpoceay SbECTANEE pee 
1=$V A Ol pr 
Ne V0 beeen TEST FIXTURE CAPACITANCE 
j NULLEG QUT 
<-> co40668 | 
Cb4066B 
Via Vos OF 4 b-—-e-O 
: i cael ! 
' ' 
Wis —Vos! 
is ~Vos Ck ape 
ae wk < AR Cos 
on Vis) 92¢$-30986 ‘ Se oak 
+ + 
328 3092 
Fig. 6-- Determination of r, nas 2 test condition for cantrol input 
high voltage (Vj,4¢) specification. Fig. 10 — Capacitance test circuit. 
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040668 
LOR 4 
SWITCHES 






vss = 


ALL UNUSED TERMINALS 
ARE CONNECTED TO Vgs 


g2cs 30922 


Fig. 11 ~ Off-switch input or output /eakage. 





teete22One 
co4066B 
O lor 4a 

Yoo | switches 







TQ 


ALL UNUSED TERMINALS ARE CONNECTED TO Vss 


9205-30925 


Fig. 14 — Propagation delay tert tppyy control- 
signal output. Delay is measured at 
Vo, level of +10% from ground (turn-on) 
or on-state output level (turn-off). 





42 43 
cosolgs 





CHANNEL + 










cba0668 
| Or @ 
SWITCHES 





200 82 


ALL UNUSED INPUTS ARE CONNECTED TO vss. 


92c$- 30923 


Fig. 12 — Propagation delay time signal input (' Vid 


to signal output (Vo,). 


+10V 


¥e74ye 20n8 





ALL UNUSED INPUTS ARE CONNECTED TO vss. 
92CS- 30926 


Fig. 15 — Maximum allowable control input 
repetition rate. 





CD4066B Types 


cO4066B 
tora 


SWITCHES 





ALL UNUSED TERMINALS 
ARE CONNECTED TO Vgs 


9265-30924 


Fig. 13 ~ Crosstatk-control input to signal output. 


INPUTS 


NOTE 

MEASURE INPUTS 

SEQUENTIALLY, 

Vss TO BOTH Vpp AND Veg: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Yoo OR Veg 

Vss MEASURE CONTROL 
INPUTS ONLY 


92C$-27555 





Fig. 16 — Input leakage current test circuit. 











































Oo 
oO CHANNEL 2 
CHANNEL 3 
O- 
CHANNEL 4 
Oo ~ 
PACKAGE LOUNT 
2-CO400iB 
t- ¢040498 
3-cD4cé6és 


2-cD4018B 


O-—-[ >) 
76 CD40498 
© 
i 


CLOCK 
Max ALLOWABLE 
SIGNAL LEVEL oe % 


CHAN) CHAN2 CHAN3 CHAN. 4 








Fig. 17— 4-channel PAM muttipiex system diagram. 









SIGNAL 
OUTPUTS 
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Dimensions in parentheses are in millimeters and 
are derived trom the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch). 
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Fig. 18 — Bidirectionai signal transmission via digital control logic. 
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SPECIAL CONSIDERATIONS — CD4066B 


1. 


In applications that employ separate 
power sources to drive Vpp and the 
signal inputs, the Vpp current 
capability should exceed Vpp/RL (RL 
= effective external load of the four 
CD4066B bilateral switches). This 
provision avoids any permanent cur- 
rent flow or clamp action on the Vpp 
supply when power is applied or 
removed from the CD4066B. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer, When the 
water is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
difterent chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


2. In certain applications, the external 
load-resistor current may include 
both Vpp and signal-line com- 
ponents. To avoid drawing Vpp cur- 
rent when switch current flows into 
terminals 1,4,8, or 11, the voltage drop 
across the bidirectional switch must 
not exceed 0.8 volts (calculated from 
RON values shown). 

No Vpp current will flow through Ri 
if the switch current flows into ter- 
minals 2,3,9, or 10. 











CMOS Analog 


CD4067B, CD4097B Types 


Multiplexers/Demultiplexers 


High-Voltage Types (20-Volt Rating) 


CD40678 — Single 16-Channel 
Multiplexer/Demultiplexer 

CD40978 — Differential 8-Channel 
Multiplexer/Demultiplexer 


The RCA-CD4067B and CD4097B CMOS 
analog multiplexers/demultiplexers”* are digi- 
tally controiled analog switches having low 
ON impedance, low OF F leakage current, and 
internal address decoding. In addition, the 
ON resistance is relatively constant over the 
full input-signat range. 

The CD4067B is a 16-channel multiplexer 
with four binary contro! inputs, A,B,C,D, and 
an inhibit input, arranged so that any com- 
bination of the inputs selects one switch. 


The CD4097B is a differential 8-channel multi- 
plexer having three binary contro! inputs A, 
B, C, and an inhibit input. The inputs permit 
selection of one of eight pairs of switches. 


A logic ‘1” present at the inhibit input turns 
all channels off. 


The CD4067 and CD4097 are supplied in 24- 
lead dual-in-line welded-seal ceramic pack- 
ages (D suffix), 24-lead dual-in-line frit-seal 
ceramic packages (F suffix), 24-lead dual- 
in-line plastic packages (E suffix), 24-lead 
ceramic flat packages (K suffix), and inchip 
form (H suffix). 


"When these devices are used as demultiplexers, 
the channel in/out terminals are the outputs and 
the common out/in terminals are the inputs. 


Recommended Operating Conditions at 
Ty = 25°C (Unless Otherwise Specified) 


For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges. 
Values shown apply to all types except as 
noted. 


Supply-Voltage Range 
(Ta=Full Package- 
Temp. Range) 


Multiplexer Switch Input 
Current Capability 
Output Load Resistance 


NOTE: 

In certain applications, the external Joad-resistor 
current may include both Vp and signal-line 
components. To avoid drawing Vap current when 
switch current flows into the transmission gate 
inputs, the voltage drop across the bidirectional 
switch must not exceed 0.8 volt (catculated from 
Ron values shown in ELECTRICAL CHARAC.- 
TERISTICS CHART). No Vpp current will flow 
through Ry if the switch current flows into 
terminal 1 on the CD4067; terminals 1 and 17 on 
the CD4097. 









Features: 


Low ON resistance: 125 22 (typ.) over 15 
Vp-p signal-input range for Vpp—Vss=15 V 


High OFF resistance: channel leakage of 

£10 pA (typ.) @ Vpp—Vss=10 V 

Matched switch characteristics: RON=5 2 (typ.) 
for Vop—Vsg=15 V 

Very low quiescent power dissipation under 
all digital-control input and supply conditions: 
0.2 uW (typ.) @ Vpp—Vss=10 V 

Binary address decoding on chip 

5-V, 10-V, and 15-V parametric ratings 

100% tested for quiescent current at 20 V 
Standardized symmetrical output 
characteristics 

Maximum input current of 1 uA at 18 V 

over full package temperature range; 

100 nA at 18 V and 25°C 

Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 


®@ Analog and digital multiplexing and demultiplexing 


A/D and D/A conversion 
Signal gating 
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Fig. 1 — CD4067 functional diagram. 
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ELECTRICAL CHARACTERISTICS 
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LIMITS at Indicated Temperature (°C) i 

CHARAC- CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H pkg Units & 

TERISTIC Vatues at —40,+25,+85, apply to E pkg H 

Wedbeliig -Tel_| | 

Ap (Vv) (Vv) [Min.| Typ. [Max. | g 

SIGNAL INPUTS (V,) AND OUTPUTS (Vg) 8 
Quiescent ; (oo + 
Device Cur [a RHETT 





“4 53 2 ot Q ‘ 2 3 4 


a OC WN Me [100 | Spares gee ee 


: 92C8-27326 
ON-state at , ‘ ; 
sistance Fig, 3—Typical ON resistance vs. input signal 
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Fig. 5— Typical ON resistance vs. input signal 
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Fig. 6— Typical ON resistance vs. input signal 
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CD40678, CD4097B Types 


ELECTRICAL CHARACTERISTICS aeae TEST CIRCUITS 


LIMITS at Indicated Temperature (°C) 
CHARAC.- | conortions —_| Values at -55, +25, +125 Apply to D, F, K, H, pkg 


TERISTIC Values at ~40,+25,+85,apply to E pkg — 
Vis |} Vss | ¥pp +85 | +125 
mf wm [ow [in [ Typ. [Max 


Input 
Current, 
ling Max. 


ropagation Rp 710 KQ.Cp~ 


Delay Time: : ‘ 
Address or [22 pF, 4 20 ns kK 


Inhibit-to- 

Signal OUT 

(Channel) 

turning ON) 92cs-27333 
Address or R,_=300 22,C.= 

Inhibit-to- ]50 pF, t,,te=20 ns 

Signal OUT 

(Channel 

turning 

OFF) 


Yoo 







CONHEREw~ 


ae mun — 


Input i) 
Capaci- Any Address or - 
tance, Ciy | Inhibit Input vss 









IN -SGweon 


co4097 


92CH-27932 





MAXIMUM RATINGS, Absolute-Maximum Values: Fig. 7-OFF channel leakage current—any channel OFF. 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vgg Terminal Bre he NES Ba Es See -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS. . . . 1. 1 7 ww we ee 0,8 t0 Vp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT . 1. 2 1 1 we 410 mA 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPEE) . . . . . . 500 mW 
For Ta = +60 to +85°C (PACKAGE TYPEE) . . 1... Derate Linearly at 12 mw/°c to 200 mW 
For Ta = -55 to +100°C (PACKAGE TYPES D,F,K). 6-6 ee ee 500 mw 
For T, = +100 to +125°C (PACKAGE TYPES D,F,K) .. . . Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . 1. 2... 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D,F,K,H 2. 6 ee -55 to +125°C 
PACKAGE TYPE Bi sep: coo a ee eae iter GEE aa dae he Th tas eae Soe, a DR -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tsigh 2 6. ww ee ee ee 68 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 £0,79 mm) from case for10smax. 2 2. 1 ww, +265°C 
coaoe? 
Yoo 92CS-27334 
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Fig. 8— Input voltage—measure <2 uA on all OFF channels 


(e.g., channel 12). Fig. 9~ OF F channel leakage current—all channels OFF. 
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CD4067B, CD4097B Types 


ELECTRICAL CHARACTERISTICS (Cont'd) 
TEST CONDITIONS 


TYPICAL 
cHarac- [Vi, 1 Vop| BL 

VALUES 
Vos at Common OUT/IN. FEO4087 


Vos at Any Channel 


(-3-dB) 
Frequency Vos 
Channel ON | 20 tog ——-= $3 dB 
(Sine Wave 
\nput} 


i” 
A a 
~ 


Harmonic 
Distortion, 


Feedthrough CD4067 2 


Frequency CD4097 


2 Vos Vo 
It Ch Is 20 log ~~ =—40 dB 
Ore Pree) Vis Vos at Any Channel 


pee or [ty | 
Between Any 2 Channels 
Vos 


Measured on Common 


Measured on Any 
Channel 


Signal Cross- 
talk (Fre- 
quency at 
—40 dB} 


arr 
I 
N N 


Address-or- Vsg=0, t,,t¢=20 ns, 
Inhibit-to- Vce=Vpo-Vss 
Signal (Square Wave) 
Crosstatk 


o|o 
N fw 


Voo-Vss 





Peak-to-peak voltage symmetrical about 


* Worst case. 
Both ends of channel. 


Yoo 
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Fig. 11—Turn-on and turn-off propagation delay—address select input to signal output 
(e.g. measured on channel 0). 





TEST CIRCUITS (Cont'd) 
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Fig. 10— Quiescent device current. 
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Fig. 12— Turn-on and turn-off propagation delay — 
inhibit input to signal output fe.g. measured 
on channel 1). 





234 








CD4067B, CD4097B Types 
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MULTIMETER 





92Cs -2276 
TURN-ON TIME 
92CS-27042RI 92C8-27043RI 
Fig. 13 Channel ON resistance measurement circuit. Fig. 14— Propagation de‘ay waveform channel Fig. 1§— Propagation delay waveform, channel 
being turned ON (R, = 10 K Q, Cy = 50 pF). being turned OFF (Ry = 300 82, 


C, = 50 pF). 
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Fig. 16~CD4067 logic diagram. 
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SPECIAL CONSIDERATIONS 


in applications where separate power sources 
are used to drive Vpp and the signal inputs, 
the Vpp current capability should exceed 
Vop/RL (Re=effective external load). This 
Provision avoids permanent current flow or 
clamp action on the Vo supply when power 
is applied or removed from the CD4067B or 
CD4097B. 


When switching from one address to another, 
some of the ON periods of the channels of 
the multiplexers witli overlap momentarily, 
which may be objectionable in certain appli- 
cations. Also when a channel is turned on or 
off by an address input, there is a momen- 
tary conductive path from the channel to 
Vss, which will dump some charge from any 
Capacitor connected to the input or output 
of the channel. The inhibit input turning on 
a channel will similarly dump some charge to 


vss. 


The amount of charge dumped is mostly a 
function of the signal level above Vs. 
Typically, at Vpp-Vss=10 V, a 100-pF 


96-104 
(2.438-2.642) 








92CM- 35104 


Dimensions and pad layout for CD4067BH, 


Dimensions in parentheses are in mitlimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10~7 inch). 








capacitor connected to the input or output 
of the channel will lose 3-4% of its voltage at 
the moment the channel turns on or off. 
This loss of voltage is essentially independent 
of the address or inhibit signal transition 
time, if the transition time is less than 1-2 ps. 
When the inhibit signal turns a channel off, 
there is no charge dumping to Vss. Rather, 
there is a slight rise in the channel voltage 
level (65 mV typ.) due ta capacitive coupling 
trom inhibit input to channel input or output. 
Address inputs also couple some voltage 
steps onto the channel signal levels. 


tn certain applications, the external foad- 
resistor current may include both Vop and 
signal-line components. To avoid drawing 
VDD current when switch current flows into 
the transmission gate inputs, the voltage drop 
across the bidirectional switch must not ex- 
ceed 0.8 volt (caiculated from RON values 
shown in ELECTRICAL CHARACTERIS- 
TICS CHART). No Vpp current will flow 
through R_ if the switch current flows into 
terminal 1 on the CD40678, terminals 1 and 
17 on the CD40978. 





he —_4 - { 
(0. 102-0754) 





The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
water is separated into individual chips. the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly trom the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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Dimensions and pad layout for CD4097BH. 














CMOS 8-Input 
NAND/AND Gate 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4068B NAND/AND gate pro- 
vides the system designer with direct imple- 
mentation of the positive-logic 8-input NAND 
and AND functions and supplements the 
existing family of CMOS gates. 


The CO4068B types are supplied in 14-lead 
dual-in-line ceramic packages (D and F suf- 
fixes), 14-lead dual-in-line plastic packages 
(E suffix), 14-lead ceramic fiat packages (K 
suffix), and in chip form (H suffix). 
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TERMINAL ASSIGNMENT 





CD4068B Types 


Features: 

= Medium-Speed Operation: 

tPHL. tPLH = 75 ns (typ.) at Vop = 10 V 

Buffered inputs and outputs 

5-V, 10-V, and 15-V parametric ratings 

Standardized symmetrical output characteristics 

100% tested for quiescent current at 20 V 

Maximum input current of 1 uA at 18 V 

over full package-temperature range; 

100 nA at 18 V and 25°C 

@ Noise margin (over full package-temperature 
range}: 1 Vat Vpp =5 V 
2V at Vpop = 10 V 2.5 Vat Vpp = 15 V 

@ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices’’ 


6,8*NO CONNECTION 


92C5-23874R3, 


FUNCTIONAL OIAGRAM 





RECOMMENDED 
OPERATING CONDITIONS 





For maximum reliability, nominal operating 
conditions shouid be selected so that Operation | 
is always within the following ranges: 





Supply -Voltage Range 
(For T, = Full Package 
Temperature Range) 





¥2C$- 29093 
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Fig. 1 ~ Logic diagram. 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C} 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 


CONOITIONS 
CHARACTER. 


Quiescent Device 
Current, 


Output Low 
(Sink) Current 


Output High 
(Source} 
Current, 

toH Min. 








Output Voltage 
Low-Level, 
VOL Max. 








Output Voitage: 
High-Level, 
VOH Min. 
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Fig. 2 — Typical output low (sink) current 
characteristics. 
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Fig. 3 — Minimum output tow (sink) 
current characteristics. 
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CD4068B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 









{Voltages referenced to Vgg Terminal) ........ cece cece cece renee eee e seen center eens ~0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ~0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ....... cc cece rece eter eee e eee n eee enna n eee e tents +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = 40 to +60°C (PACKAGE TYPE E) .... ccc cece cece tere nner ener tne tenn nenees 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE €) ...... Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) ..--.- sss see cere eee sneeneereneteaennenees 500 mw 

For T, = +100 to +125°C (PACKAGE TYPES D, F,K) .......-+- Derate Linearty at 12 mw/?c to 200 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...........++-. joey 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D,F,K, Ho... ccc cece eet e eect ete n nner n ener etree net etn tae -55 to +125°C 

PACKAGE TYPE E ...... 2 cece sree cere eee ~40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg yo. -65 to +150°C 





LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. 66... . eee eee e eee e eee enee +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At T, = 25°C; Input ty, t= 20.08, C, = 50pF, Ry = 200k 





CHARACTERISTIC 





Propagation Delay Time, 
‘PHL, tPLH 





Transition Time, 
tTHL. TTLH 
Input Capacitance, Cj jy 
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Fig. 7 — Schematic diagram. NETWORK 





238 


ORAIN-TO-SOURCE. VOLTAGE (Vps)—V 
-B - ~5 i) 
AMBIENT TEMPERATURE (Ta)=25 °C, 


GATE-TO-SOURCE VOLTAGE (Vgg)¥-SV. 








r 
3 


QUTPUT HIGH (SOURCE) CURRENT(I on}—mA 



























































~lOV: 20 
































=I V; -30 





























9265+ 2432083 
Fig. 4 — Typical output high (source) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
xls 10 -$ 


o 






































































































































































































































ANGIENT TEMPERATURE 17q)25°C 7 
He Ste : 
GATE ~TO-SOURCE VOLTAGE (¥gg)e -5 V: é 
ves! 
H eee! x 
: +s 3 
1 z 
z 
a 
& 
HEE Hy 
~10V. 6 = 
et °g 
tt 4 t H 3 
} g 
on 4 + 
L -I8 V eat 3 
ie 
ni + 5 
@ 
2: 
cH a 
t HoH 













































































92CS-24321R2 


Fig. 5 — Minimum output high (source) 
current characteristics. 
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Fig. 6 — Typical transition time as a function 
of load capacitance. 
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Fig. 8 — Typical propagation delay time 
as a function of load capacitance. 
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Fig. 9 — Typical voltage transfer charac- 
teristics (NAND output). 
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Fig. 10 — Typical dynamic power dissi- 
pation as a function of frequency. 





CD4068B Types 


Yoo 






Yoo 
oO INPUTS 


Vss 
92C$- 27401RI 


Fig. tt — Quiescent-device-current test circuit. 
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Fig. 12 ~ Input current test circuit. 
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Fig. 13 — Input-voltage test circuit. 
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Dimensions and pad layout for CD40688H. 


9265-29095 


Fig. 14 — Dynamic power dissipation 
test circuit. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 





The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the water. When the 
water is separated into individual chips. the angie of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, theretore, may differ Slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of ~3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4069UB Types 
CMOS Hex Inverter 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4069UB types consist of six 
CMOS inverter circuits. These devices are 
intended for all general-purpose inverter 
applications where the medium-power TTL- 
drive and logic-level-conversion capabilities 
of circuits such as the CD4009 and CD4049 
Hex Inverter/Buffers are not required. 


The CD4069U B-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 14-lead dual-in-line 
plastic package (E suffix), 14-lead ceramic 
flat package. (K suffix), and in chip form (H 
suffix). a 


RECOMMENDED OPERATING CONDITIONS 


Features: 


@ Standardized symmetrical output 
characteristics 


® Medium Speed Operation—tpy4, .tpy 4230 ns (typ.) 


at10V 
® 100% tested for quiescent current at 20 V 
@ Maximum input current of 1 4A at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 

@ Logic inversion 

® Pulse shaping 

® Oscillators 

@ High-input-impedance amplifiers 


For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following ranges: 


CHARACTERISTIC 


Supply Voltage Range {For Ta=Full Package: 






Temperature Range) 





LIMITS UNITS 


Min. 






MAXIMUM RATI NGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vgg Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS . 

OC INPUT CURRENT, ANY ONE INPUT . 

POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) 


For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 
For TA = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta * FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 


OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPESD,F,K,H . 1... 
PACKAGE TYPE E ornare 

STORAGE TEMPERATURE RANGE (Tstg) 

LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 $ max. 


ie! 
0.5 to +20 V 


0.5 to Vop +0.5 V 
é 110 mA 


BR sse pif i setae th took Ge aad 500 mw 
Derate Linearly at 12 mW/°C to 200 mW 
WS We Ah eK che 500 mw 
Derate Linearly at 12 mW/°C to 200 mW 

100 mW 
—55 to +125°C 


—40 to +85°C 
—65 to +150°C 


+265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tq = 25°C; Input t,, ty = 20 ns, 


C, = 60 pF, Ry = 200 KA 





CHARACTERISTIC 







Propagation Delay Time, 





Transition Time; 


CONDITIONS | ALL TYPES 
Voo LIMITS | UNITS 
v | Typ. | Max. | 


tPLH: TPHL 


“THLE: 'TLH 


Se eee 
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FUNCTIONAL DIAGRAM 
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Fig. 1 — Minimum and maximum voltage 
transfer characteristics. 
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Fig. 2 — Typical voltage transfer characteristics as a 
function of temperature. 
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Fig. 3 — Typical current and voltage transfer 
characteristics, 
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CD4069UB Types 


STATIC ELECTRICAL CHARACTERISTICS ~ TAMBIENT TEMPERATURE (Ta) 25 *C> 


H+ Li 
LIMITS AT INDICATED TEMPERATURES (°C) rt 
CONDITIONS 
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Vatues at —55, +25, +125 Apply to D,F,K,H Packages 
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inverters. current characteristics. 
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CD4069UB Types 
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9208-20322 
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Fig. 12 — Typical transition time vs. load 
capacitance. 
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Fig. 1§ — Quiescent device current test circuit. 
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Fig. 13 — Typical dynamic power dissipation 
vs. frequency. 
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TEST ANY ONE INPUT, WITH OTHER 
INPUTS AT Vpp OR Vgg 


92cs 27a zeR! 


Fig, 16 ~ Noise immunity test circuit. 






920M ~24aaaRt 


Fig. 18 ~ Dynamic electrical characteristics test circuit and waveforms. 


176 CD4069 


RySIOMES 
92C$-24439R 


Fig. 20 — High:input impedance amplifier. 
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173 CD4069 
Rs 


Ry 
UPPER SWITCHING POINT ; 
RgtRy Yoo 
Ven Rg mg 
LOWER SWITCHING POINT: 
Ri- Rs Yoo 
‘NY Re 
Ry > Rg 
92CS$-24440RI 
Fig. 22 — input pulse shaping circuit 
{Schmitt trigger). 


173 cO4069 
Boa ges 
Ry cy 


FOR TYPICAL COMPONENT 
VALUES ANO CIRCUIT PERFORMANCE, 
SEE APPLICATION NOTE ICAN-6466 


92CS-24438R2 
Fig. 21 ~ Typical RC oscillator circuit. 
Yoo 


$00 pF 


OK, 
400 KHz, IMHz 








CL INCLUDES, 
7 FIXTURE CAPACITANCE, 


9208-36680 
Fig. 23 - Dynamic power dissipation test circuit. 


Fig. 14 ~ Variation of normalized propagatian 
delay time (tpygy and tp, yy) with 
supply voltage. 


Yop 
INPUTS NOTE: 
Yoo MEASURE INPUTS SEQUENTIALLY, 
% t TO BOTH Vp ANO Vss. 
CONNECT ALL UNUSED INPUTS 
6 TO EITHER Yop OR Vss- 
Vss 
ss 


BPH DPary 


Fig. 17 — Input leakage current test circuit. 
APPLICATIONS 
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FOR TYPICAL COMPONENT 
VALUES AND CIRCUIT 
PERFORMANCE, SEE 
APPLICATION NOTES 
XTAL IICAN 6086 ANO 

ICAN 6539 
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Fig. 19 — Typical crystal oscillator circuit. 
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Dimensions and pad layout for CD4069UBH. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (1 oF inch). 


The photographs and dimensians of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the aaminal 
dimensions shown. The user should considera tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 











CMOS 
Quad Exclusive-OR and 
Exclusive-NOR Gates 


High-Voltage Types (20-Volt Rating) 


CD4070B — Quad Exciusive-OR Gate 
CD40778 — Quad Exclusive-NOR Gate 


The RCA-CD40708B contains four independ- 
ent Exclusive-OR gates. The RCA-CD4077B 
contains four independent Exclusive-NOR 
gates. 


The CD4070B and CD40778 provide the 
system designer with a means for direct 
implementation of the Exclusive-OR and 
Exclusive-NOR functions, respectively. 


The CD4070B and CD40778 types are sup- 
plied in 14-lead hermetic dual-in-line ceramic 
packages (D and F suffixes), 14-lead dual- 
in-line plastic packages (E suffix), 14-lead 
ceramic flat packages (K suffix), and inchip 
form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
{Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E} 
For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 
For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 


OPERATING-TEMPERATURE RANGE Star: 
PACKAGE TYPES D, F, K, H : 
PACKAGE TYPE E i 
STORAGE TEMPERATURE RANGE al 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. . 
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Vss Do ss 
“inputs PROTECTED 
BY ct ‘MOS 
PROTECTION NETWORK 
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Fig. 1 — Schematic diagram for CD40708 
(1 of 4 identical gates). 


CD4070B, CD4077B Types 


Features: 

= Medium-speed operation—tpy,. tpLH = 
65 ns (typ.) at Vpp = 10 V, Cy = 50 pF 

= 100% tested for quiescent current at 20 V 


© Standardized symmetrical output characteristics 


=5-V, 10-V, and 15-V parametric ratings 
@ Maximum input current of 1 vA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
#® Noise margin {over full package-temperature 
range): 
1Vat Vpp=5V 
2 Vat Vpp = 10 V 
2.5 V at Vpp = 15 V 
= Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 


@ Logical comparators # Adders/subtractors 
™ Parity generators and checkers 


‘ —0.5 to +20 V 
a 
: +10 mA 


: 500 mw 
Derate Linearly at 12 mW/°C to 200 mW 
: 500 mW 
Derate Linearly at 12 mw/°c to 200 mw 


100 mw 
—55 to +125°C 


—40 to +85°C 
—65 to +150°C 






+265°C 


TRUTH TABLE CD40708 
1 of 4 Gates 








1 = HIGH LEVEL 
0 = LOW LEVEL 
J=A@B 


92CS- 30092 


[characteristic | Min, Max, [Unt 


Cb4070B 
FUNCTIONAL DIAGRAM 





ra 1m 98 O OP 


9208 ~ 24497R3 


CD40778 
Functional Diagram 





RECOMMENDED 

OPERATING CONDITIONS 

For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges: 


Supply-Voltage Range 
(For T, = Full Package- 
Temperature Range) 








(TOP VIEW) 
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TERMINAL ASSIGNMENT 
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{TOP VIEW) 
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TERMINAL ASSIGNMENT 
Cp4077B 
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CD4070B, CD4077B Types 


Yop Vop 










6 TRUTH TABLE CD40778 


y 1 of 4 Gates 
| 344, 10,10 . 


OUTPUT LOW (SINK) CURRENT (Io) — mA 





1(6, 8,13) 








0 8s 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
B2C5-2a300RS 


Fig. 3 — Typical output low (sink } 





“impure noe ee 1= HIGH LEVEL current characteristics. 
YY COS/ 
PROTECTION NETWORK O= LOW LEVEL 
J=A@B 
Vss 92¢$-30093RI 


‘co 7 ma 


Fig. 2 — Schematic diagram for CD4077B 
{1 of 4 identical gates). 


STATIC ELECTRICAL CHARACTERISTICS 





LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K,H Pkgs. 
Values at —40,+25,+85 Apply to E Pkys. 
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Fig. 4 — Minimum output low {sink} 
current characteristics. 
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CD4070B, CD4077B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ty * 25°C; Input t,, ty = 20 ns, 


C. = 50 pF, Ry = 200 KO 


CHARACTERISTIC 


Propagation Delay Time; 


Transition Time; 
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Fig. 8 ~ Typical propagation delay time 
as a function of load capacitance. 
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69-77, 
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92CS-35101 


Dimensions and pad layout for CD4077BH. 
Dimensions and pad layout for 
CD4070BH are identical. 


Oimensions in parentheses are in mitlimeters and are 
derived from the basic inch dimensions as indicated. 


Grid graduations are in mits ¢: 10-3 inch), 


The photographs and dimensions of each CMOS chip 
represent a chip when if is part of (he wafer. When the 
wafer is separated into individual chips, the angie of 
g@ may vary with respect to the chip face for 
di chips. The actual dimensions of the isolated 
chip. therefore, may ditter slightly trom the nominal 
dimensions shown, The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 








CONDITIONS ALL TYPES 


LIMITS 


















SUPPLY VOLTAGE (Vpp)—¥ s208- s0088 


Fig. 9 — Typical propagation delay time 
as a function of supply voltage. 
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Fig. 11 —Input current test circuit. 





92CS- 27AO1RI 


Fig. 13 — Quiescent-device-current 
test circuit. 
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Fig. 7 — Typical transition time as a 
function of load capacitance. 
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Fig. 10 — Typical dynamic power dissipation 
as a function of input frequency. 
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Fig. 12 -— input-voltage test circuit. 
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Fig. 14 — Dynamic power dissipation 
test circuit. 
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CD4071B, CD4072B, CD4075B Types 
CMOS OR Gates Features: 


‘ “ Medium-S; Operation-t, ; 
High-Voltage Types (20-Volt Rating) - tPML apo pata at vos 10V 


CD4071B Quad 2-Input OR Gate = 100% tested for quiescent current at 20 V 


CD4072B Dual 4-Input OR Gate io helped all A 

A 1 at : 
CD4075B Triple 3-Input OR Gate Vise aa pene ae 
Standardized, symmetrical output characteristics 


The RCA-CD4071B, CD4072B, and ® Noise margin (over full package temperature 
CD40758 OR gates provide the system range) 
designer with direct implementation of the 1VatVpp= 5V 
positive-logic OR function and supplement 2 Vat Vpp=10V 
the existing family of CMOS gates. The 2.5 V at Vpp = 15 V 
CD4071, CD4072, and CD4075 types are a 5-V, 10-V, and 15-V parametric ratings 
supplied in 14-lead dual-in-line ceramic ‘ 
packages (D and F suffixes), 14-lead dual- = Meets all requirements of JEDEC Tenta- 
, in-line plastic packages (E suffix), 14-lead tive Standard No. 13 A, “Standard 
ceramic flat packages (K suffix), and inchip Specifications for Description of ‘B’ Series 
form (H suffix). CMOS Devices” 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges: 


CHARACTERISTIC 


| MAX. _| 





Supply-Voltage Range (For T, = Full Package-Temperature Vv 
Range) 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 
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VOH Min. 


Input Low 
Voltage, | 19 | 
Vii Max. 17 613.5 


Input High 
Voltage, 
Vi Min. 


Input Current 
Vn Max. 
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CD4071B, CD4072B, CD4075B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 





20] AMBIENT TEMPERATURE (T, }=25°C| 






























































(Voltages referenced to Vgg Terminal) ............. 02 cece cece eee cnet e cere e ee enes -0.5 to +20 V 
| INPUT VOLTAGE RANGE, ALL INPUTS . -~0.5 to Vpp +0.5 V >a EE] SUPPLY VOLTAGE (Vpp) * 15 ¥ 
OC INPUT CURRENT, ANY ONE INPUT .... 2.0... cece cece cece tee re cette rece reece etn eeeee +10 mA > + 
POWER DISSIPATION PER PACKAGE (Pp): 2 isbat thous tees 
For T, = -40 to +60°C (PACKAGE TYPE E) .... 00... 0c cece cece scene nee ene nena sence eeenees 500 mw = dl ov sacs 
For T, = +60 to +85°C (PACKAGE TYPE E) ... Derate Linearly at 12 mW/°C to 200 mw @ 
For Ta = +55 to +100°C (PACKAGE TYPES D, F, K) 0.0.0.0... cece cece cece e eee n er eee et ceeeee 500 mw 5 
For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) .......... Oerate Linearly at 12 mW/°C to 200 mw 5 re 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: © 
For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..................0055 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H -55 to +125°C. $ 3 7 ; 
PACKAGE TYPEE ...............055 40 to +85°C INPUT VOLTAGE (Vyj)~V o2es-29116 
STORAGE TEMPERATURE RANGE (Tgtg) ... eo dete sy Pow ER IAARE Saad ee doesn aheone -65 to +150°C Fig. 1 — Typical voltage transfer 
LEAD TEMPERATURE (DURING SOLDERING): characteristics. 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10$ MAX. ........ cece eee eevee eee +265°C 





DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, input t,, te = 20 ns, 
and Cy = 50 pF, R,, = 200 kQ 












ALL TYPES 
LIMITS 






TEST CONDITIONS 





CHARACTERISTIC 
Tye. 







Propagation Delay Time, 
‘PHL: tPLH 











Transition Time, 
‘THE tTLH 


92¢9-20117 





LOAD CAPACITANCE (C,)—~p! 


Fig. 2— Typical propagation delay time 
as a function of load capacitance, 






Input Capacitance, Cy) 
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Yoo 
* ALL INPUTS ARE PROTECTED ° > 0 2 s2e4-2431083 
BY COS/MOS PROTECTION DRAIN-TO-SOURCE VOLTAGE (Vps}—V¥ 
WETWORK 
© 4 . 5 
kf Fig. 4 — Typical output low (sink) current 
Vsg s2cs-2901¢ characteristics. 


Fig. 3 — Schematic diagram for CD40718 (1 of 4 identical gates). 





AMBIENT TEMPERATURE (T,)°25°C 


lod mA 


a 
1 (6,8,13) 3 
3(4,10,11) 


OUTPUT LOW (SINK) CURRENT (1, 


a 
2 (5,9,12) 
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° 5 
DAAIN-TO-SOURCE VOLTAGE (¥psi—-¥ 9209-20009 


9205-29539 


Fig. G — Minimum output low (sink) current 
Fig. 5 ~ Logic diagram for CD40718 (1 of 4 identical gates}. characteristics, 
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CD4071B, CD4072B, CD4075B Types 


Yoo Yoo 










* 
2 (12) 0 113) 








ae es 


Vss 





* —> Von 
5 (9) O— . « 
ALL_INPUTS ARE PROTECTED 
O BY COS/MOS PROTECTION 
NET WORK 
4 (10) 
ss 
Vgs olMs Petes 


"INVERTERS 2,2. ANO 4 ARE IDENTICAL TO INVERTER i. 
Fig. 7 — Schematic diagram for CD40728 (1 of 2 identical gates). 


2(12) 


341} 


Ht) 
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5 (9) 


¢ > 
4:10) 9208-29021 


Fig. 9 — Logic diagram for CD4072B (1 of 2 identical gates). 
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1(3,11)0 
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* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 


y2CM -291(5 


Fig. 11 — Schematic diagram for CD4075B (1 of 3 identical gates}. 


916,10) 





92CS- 29123 


Fig. 13 — Logic diagram for CD40758 (1 of 3 identical gates). 
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DRAIN~TO-SOURCE VOLTAGE {Vps}—V 
-15 -10 ~5 ° 


AMBIENT TEMPERATURE (Ta)=25*% 


ATE -TO-SOURCE VOLTAGE (Vag 
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8 
OUTPUT HIGH {SOURCE} CURRENT(LoH)— mA. 


8 








9265-24 320R3 
Fig. 8 — Typical output high (source) current 
characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
=15 ~10 ~§ Qo 
AMBIENT TEMPERATURE (Ta) 25°C 


GATE -TO-SOURCE VOLTAGE (Vgg}«-5 V 


* 
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QUTPUT HIGH (SOURCE) CURRENT on)~ mA 














-10V 









































Enis ¥ 


a 
















































































g2cs- 2432102 
Fig. 10 — Minimum output high (source) current 
characteristics. 


AMBIENT TEMPERATURE (Ta}*25 


TRANSITION TIME (tH st TLH)—98 





° 20 -4002— 60 100 
LOAD CAPACITANCE iC, )— pF 9205-24322 


Fig. 12 — Typical transition time as a function 
of load capacitance. 














POWER DISSIPATION PER GATE (Pp )— ww 
































1 to wo? 1 104 
INPUT FREQUENCY (f7)— Hs e2ce-20908 


Fig. 14 — Typical dyanamic power dissipation 
as a function of frequency. 








TERMINAL ASSIGNMENTS (TOP VIEW) 





JA+B+C04D Yop 
A KeE+F+G4H 

8 4 

C cc) 

9 F 

NC E 

Vss NC 
coso7ie CO4072B 
p2cs-24494 NC®NO CONNECTION 92CS-24496R2 
Yon 
INPUTS 


Yoo NOTE: 
a C ) MEASURE INPUTS 
o SEQUENTIALLY, 
Vs$ TO BOTH Vpp AND Vgg: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Yoo OF Vgs- 
Vss 9208-27402 


Fig. 16 — lnput current test circuit. 


Yoo 
INPUTS OUTPUTS 

vin 

None 4 

° = 
Mie 

NOTE: 
e v TEST ANY COMBINATION 
92C$-2744)R) ss OF INPUTS 


Fig. 17 — input-voltage test circuit. 


Oimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch}. 


The photographs and dimensions of each CMOS chip 
represent & Chip when it it part of the water. When the 
water is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the fsoleted 
chip, therefore, may difter slightly from the nominal 
dimensions shown. The user should considera tolerance 
of —3 mits to +16 mils applicable to the nominal 
dimensions shown. 


51-59 
U.295-1.498) 








(0.102-0.254) 58-66 


(1474-1676) 9205-32209 


Dimensions and pad layout for CD4072B. 














CD4071B, CD4072B, CD4075B Types 


Yoo 





Yoo 
INPUTS 





92cs-24495 


Vss 
92CS- 27401R1 


Fig. 15 — Quiescent device current test circuit. 
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-64 
(1-428- F568) 


92CS-35102 


Dimensions and pad layout for CD40718. 











60-68 
(1.524 -1.727) 
LV: 
“Ox oo. i 
}0.102-0,254) 
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(1.474 =1.676) 9208-29120 





Dimensions and pad layout for CD40758. 
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CD4073B8, CD4081 B, CD4082B Types 
CMOS AND Gates Features: 


= Medium-Speed Operation — tp; 4. 
toy * 60 ns (typ.) at Vop = 10 V 


High-Voltage Types (20-Volt- Rating) 100% tested for quiescent current at 20 V 


CD4073B Triple 3-Input AND Gate = © Maximum input current of 1 1A at 18 V over a 
CD4081B Quad 2-Input AND Gate full package-temperature range; 100 nA at ‘ 
CD4082B Dual 4-Input AND Gate 18 V end 26°C e 
. ® Noise margin (full package-temperature 6 
The ACA-CD40738, CD4081B and CD- rengel = 
4082B AND gates provide the system de- 1Vat Vpp=5V 
signer with direct implementation of the 2VatVop= 10V aes ien 
AND function and supplement the existing 2.5 V at Vpp = 15 V 
family of CMOS gates. @ Standardized, symmetrical output eoaoate 
The CD4073B, CD40818 and CD4082B characteristics 


FUNCTIONAL DIAGRAM 





types are supplied in 14-lead dual-in- @ 5-V,10-V, and 15-V parametric ratings 

Missa Hushincite cisatecackedes m Meets all requirements of JEDEC Tentative 
suffix), 14-lead ceramic flat packages (K Standard No. 13A, “Standard Specifications 
suffix), and in chip form (H suffix). for Description of ‘B’ Series CMOS Devices” 





MAXIMUM RATINGS, Abso/ute-Maximum Values: 
OC SUPPLY-VOLTAGE RANGE. (Vpp) 


(Voltages referenced to Vsg Terminal) 2. 6 wee es 0.8 to +20 V 
INPUT VOLTAGE RANGE, ALLINPUTS. . . . . . 1 1. ww... OS to Vpp 40.5 V 
OC INPUT CURRENT, ANYONEINPUT . 2. 2. 2 7 1 7 ww eee .  10mA o 
POWER DISSIPATION PER PACKAGE (Pp): c 
For Ta = —40 to +60°C [PACKAGE TYPEE) . . 2... . 500 mw 8 
For Ta « +60 to #85°C (PACKAGE TYPEE) . . 2. . Derate Linearly at 12 mW/°C to 200 mW A 
For Ta = -55 to +100°C (PACKAGE TYPESD,F,K) . . 500 mW E 
For Ta = +100 to +125°C (PACKAGE TYPES D,F,K) . . - Derate Linearly at 12 mW/°C to 200 mW F 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 6 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (Alt Package Types) 2 2. . 2) 100 mW 4 
OPERATING- TEMEERAT URE RANGE SEAE 
PACKAGE TYPES D, F, KH Ce ee ee ee eee BB ta $125°C 
PACKAGE TYPEE . . 2 Bc a as, Ae ee —40 to +85°C 
STORAGE TEMPERATURE RANGE (Tse) Ce ee ee 65 to £150°C 92c8- 27570 
LEAD TEMPERATURE (DURING SOLDERING): CD4082B 
At distance 1/16 t 1/32 inch (1.59 £0.79 mm) from case for 10smax, . 2. 2. 1 7 +265°C FUNCTIONAL DIAGRAM 





RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following ranges: 
LIMITS 
UNITS 


ee | min. | Max. | 
meee aes io ae aa oe Poa |e 


Temperature Range) 
















DYNAMIC ELECTRICAL CHARACTERISTICS at T,=25°C, Input t,,t¢=20 ns, 
and C,_=50 pF, Ry =200 kQ 
















CHARACTERISTIC 







: ALL eee 
TEST CONDITIONS IT. 
E ON ee eae UNITS 
ioe 
ioe 
jm. | 
sr 
Transition Time, ‘s 
‘THL: 'TLH 15 


1 Lae 
see 200 


Propagation Delay Time, 
TPHL: tPLH 





g2cs-2rsri 


040738 
FUNCTIONAL DIAGRAM 
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STATIC ELECTRICAL CHARACTERISTICS 





CONDITIONS 
CHARACTER. 


istic 


Quiescent Device 
Current, 
!pD Max. 


Output Low 
(Sink) Current 
{ou Min. 


Output High 
(Source) 
Current, 

lon Min. 


Output Voltage: 
Low-Level, 
Vot. Max. 


Output Voltage: 
High-Level, 
VOH Min. 

Input Low 
Voltage, 

ViL Max. 


Input High 
Voltage, 
VIH Min. 


Input Current 


Tin Max. 
a” 
28, vst 5 


* 
16,41320-— 


CD4073B , CD4081B, CD4082B Types 





LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 


ate 

| 30 | 30 | 
| 8 | 150 | 150 | 
| 0.61 | 0.42 | 0. 
| 4 [28 | 


1 
Q 
a 
= 





Yoo, 





nto 304,10, 10) 





WALL INPUTS ARE 
PROTECTED BY Vgs 
COS/MOS PROTECTION 
NETWORK 
vecs-29206 


Fig. 1 ~ Schematic diagram for CD40818 (1 of 4 identical gates), 








HG, 8, 13) 


a 
2(5, 9,12) 





34,10,11) 





92c$- 29269 


Fig. 2 — Logic diagram for CD40818 (1 of 4 identical gates). 


AMBIENT TEMPERATURE (Ta)= 25°C 
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35 
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INPUT VOLTAGE {Viq) —V 
PRES - 29270. 


Fig. 2 — Typical voltage transter characteristics. 
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TION DELAY TIME (lpia: ,tpL_) — oe 
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lars 


° io 20 30 40 $0 6 70 80 90100 


LOAO CAPACITANCE (CL) — pF 
9203-2927) 
Fig. 4 — Typical propagation delay time 
as a function of load capacitance. 
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DRAIN-TO-SOURCE VOLTAGE (Vps)~—V 


Ly 1S 


92C8 24asBR3. 


Fig. 5 — Typicat ourput low (sink} 
current characteristics. 


‘od 7 ma 




















OUTPUT LOW (SINK) CURRENT (I, 





$ © 15 
ORAIN~ TO- SOURCE VOLTAGE (Vps)—V 
9205 -2a3saR1 
Fig. 6 — Minimum output tow (sink) 
current characteristics, 
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CD4073B, CD4081B, CD4082BTypes 


| ds 


5 hous 





Yoo 
iJ 















ss 


* ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK 


Yoo 

















n fn 
S 92CM~29266 


Fig. 7 — Schematic diagram for CD4082B (1 of 2 identical gates). 


14V3) 





nacs~2ez87 


Fig. 9 ~— Logic diagram for CD4082B (1 of 2 identical gates). 
oo 
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Vss 


*ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NET WORK 


Vgs 92cs-20268 


Fig. 11 ~ Schematic diagram for CD4073B (1 of 3 identical gates). 
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Fig. 13 — Logic diagram for CD4073B (1 of 3 identical gates), 
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DRAIN- TO-SOURCE VOLTAGE (Vps)—V 
-5 ~10 -S oO 


AMBIENT TEMPERATURE (Ta)®25 °C. 





TRANSITION TIME (yal URI— Ae 





GATE ~TO-SQURCE VOLTAGE (Vgg}*-Sv 
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9265 24320R3 
Fig. 8 — Typical output high (source) 
current characteristics. 
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Fig. 10 — Minimum output high (source) 
current characteristics. 





° 20 40 60 
LOAD CAPACITANCE (C.]— pF 


9705-24928 


Fig. 12 — Typical transition time as a 


function of load capacitance. 



























































QUTPUT HIGH (SOURCE) CURRENT (I OH)—mA 


we AMBIENT TEMPERATURE (Ta)= 25°C 
nt 4 
oe O37 |7 
a ot SAS, 
. 8 S ia) 
id 4 1 
ls 
je = 3 Fi 
by “, & 
5 4 
ho : 
we < 
ie 6 8 
’l C50 pF — 
CL 218 pF ma 
2 
© 
468 + « * 468 4 es 
1 0 wo? 103 1 


INPUT FREQUENCY (#7) — kHz 
a7c6- 20908. 


Fig. 14 ~ Typical dynamic power dissi- 
pation per gate as a function 
of frequency. 











92C$- 27401A) 


Fig. 15 — Quiescent device current test circuit. 


Yoo 


INPUTS 
Yoo NOTE: 
° @) 
Yss 


MEASURE INPUTS 
SEQUENTIALLY, 


CONNECT ALL UNUSED 
INPUTS TO EITHER 
Yop OF Vss- 

vss 


92C8- 27402 


Fig. 16 ~ Input current test circuit. 


Yoo 
INPUTS ouTPuts 
Vin 
om 
° 
vi 
NOTE: 
¥ss TEST ANY COMBINATION 
OF INPUTS 
92C$-2744IR1 


Fig. 17 — Input-voltage test circuit. 


TERMINAL ASSIGNMENTS 





CD4081B8 





TOP VIEW 


NC®NOQ CONNECTION 
92C9-24557K2 


CD4082B 





92cs- 24538 


CD4073B8 





TO BOTH Vpp ANO Ves; 








CD4073B , CD4081B, CD4082B Types 


Dimensions and pad layout 
for CD40818B. 


$0 


40. 


30. 


20. 








(1.549-1,753) 
92CS~35100 


57-65 
(1448-1651) 





—e 





{0.102-0.254 
57-65. 92cS-29275 





Dimensions and pad iayout 
for CD40828. 


Dimensions in parentheses are in 
millimeters and are derived from 
the basic inch dimensions as in- 
dicated. Grid graduations are in 
mils (10-3 inch). ps 


Dimensions and pad fayou' 
for CD40738. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the water. When the 
water is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 





Lee 4-10 
(0.102-0.254) 
$9 


{1.448-1651) 


59-67 
{1.449-1.701) 














-67 92cS- 29276 
(1449-1701) 


chip. therefore, may differ slightly trom the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4076B Types 


Features: 
® Three-state outputs 


CMO Ss 4-B it = Input disabled without gating the clock 
D-Type Registers 8 Gated output control lines for 


enabling or disabling the outputs 
® Standardized, symmetrical output 
High-Voltage Types (20-Volt Rating) 


characteristics 
100% tested for quiescent current at 20 V 
@ Maximum input current of 1 uA at 18 V over 
consisting of D-type flip-flops that feature eee renga; 100 nAat 
three-state outputs. Data Disable inputs are 
provided to control the entry of data into @ Noise margin over full package temperature 


The CD4076B types are four-bit registers 


the flip-flops. When both Data Disable in- fange: 

puts are low, data at the D inputs are loaded 1VatVpp=5V 
into their respective flip-flops on the next 2V at Vpp= 10 V 
positive transition of the clock input. Out- 2.5 V at Vpp = 18 V 


put Disable inputs are also provided. When 8 §-V, 10-V, and 15-V parametric ratings 

the Output Disable inputs are both low, the = Meets all requirements of JEDEC Tentative 
normal logic states of the four outputs are Standard No. 13A, “Standard Specifications 
available to the load. The outputs are disa- for Description of ‘B’ Series CMOS Devices” 
bled independently of the clock by a high 
logic tevel at either Output Disable input, 
and present a high impedance. 





Vv, 

The CD4076B types are supplied in 16-lead A eiae ‘ - boa 
ceramic dual-in-line packages (D and F qi—43 DATA | 
suffixes), 16-lead dual-in-line plastic pack- o2—44 DATA 2 
ages (E suffix), 16-lead ceramic flat packages ae . oath : 
(K suffix), and in chip form (H suffix). croc. —47 62 DATA, 

Vss 718 ot e 

TOP VIEW BEES CARRE 
TERMINAL ASSIGNMENT 


RECOMMENDED OPERATING CONDITIONS at T, = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following ranges: 
LIMITS UNITS 


CHARACTERISTIC 





Supply-Voltage Range (For T a=Full Package- 
Temperature Range} 


Data Setup Time, ts 





Clock Pulse Width, ty 


Clock Input Frequency, fey 


Clock Input Rise or Fall Time, tpCL t¢CL 





Reset Pulse Width, tw 


Data Input Disable Setup Time, tg 





92¢8- 2408581 


FUNCTIONAL DIAGRAM 
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Fig.1 — Typical output low (sink) 
current characteristics, 
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Fig.2 -- Minimum output low {sink} 
current characteristics. 
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9265: 2432083 


Fig.3 — Typical output high (source) 
current characteristics. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALLINPUTS .. 
DC INPUT CURRENT, ANY ONE INPUT .... 
POWER DISSIPATION PER PACKAGE (Pp): 





For T, = -40 to +60°C (PACKAGE TYPE E) ....- 2.20... e eee ence te rece enn ee eben es 500 mW 
For Ta = +60 to +85°C (PACKAGE TYPE E) ...............0055 Derate Linearly at 12 mW/°C to 200 mW 
For T, = -55 to +100°C (PACKAGE TYPES D, F, K) .. 500 mW 
For T, = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 





DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 





For Ty = FULL PACKAGE-TEMPERATURE RANGE (Ali Package Types) .............----..05. 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D,F,K, 4 cece ices eecs ce tee tcces veteeuseenveenecqagneenseeeceees -55 to +125°C. 

PACKAGE TV PEE = 5.305.355 cise.d pisces fase ale-v'ipca.g woaya’e no heeds nd tna S.o heb che geebeUEs Gaapdgiardelsis. gts - 40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) -65 to +150°C. 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ......... eee eee ee eee +265°C 


CLOCK 





OATA 
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ecm 24uaee7 i Vss 
‘euz M tex oy 
(a) a T x90 % DD 
Q OUTPUT 10% You 
i 
@ ouTPUT Ue Soses “1 Vou 
j 10%. 
—Vss 
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CD4076B Types 
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Fig.4 — Minimum output high (source) 
current characteristics. - 
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Fig.6 — Typical propagation delay time 
vs. load capacitance (clock to Qh 








DATA 
2 


























ata 
4 

m [>—{a)o+ 

RESET (/5) Ovss 
Yoo 

*ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 
Vss 


92CS -26806ARZ 


Fig.8 — CD4076B logic diagram. 
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CD4076B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input ty,t¢ = 20 ns, 
Cy = 50 pF, RL = 200 k22 (Unless otherwise noted) 


TEST CONDITIONS LIMITS UNITS 


Vop 
Vv Typ. 










CHARACTERISTIC 



















3-State Output 1 or O to High 
Impedance, tpyz, tpLz 


Propagation Delay Time: 5 300 | 600 
Clock to O Output, tpy_, tpLy 10 125 |250 
16 90_} 180. 

5 230 |460 

Reset toHL 100 |200 


3-State High Impedance to 1 
or 0 Output, tpzy, tpzp 












Transition Time, 'THL: 'TLH 








Maximum Clock Input Frequency, fer 
























Minimum Clock Pulse Width, ty 





Maximum Clock Input Rise 
or Falt Time, 


trel ttel 


Minimum Reset Pulse With, ty 


Minimum Data Setup Time, ts 


Minimum Data Input Disable 
Setup Time, ts 


15 
5 
10 
ar 
5 
10 
15 
5 
10 
15 
5 
10 
15 


Input Capacitance, Cin 





Any Input 
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= Vss 
NOTE 
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Vss TEST ANY COMBINATION 
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NOTE 
MEASURE INPUTS 
SEQUENTIALLY, 
TO BOTH Vpp AND Veg 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Yop OF Vsg 

Yss 
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Fig. 11 ~ Quiescent device current test circuit. 
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92CS-27441R) 


Fig.12 — input voltage test circuit, 


9208-27402 


Fig. 13 - Input current test circuit. 

















CD4076B Types 


STATIC ELECTRICAL CHARACTERISTICS. TEMPERATURE [Yq )~25°C 
LOAD CAPACITANCE (C; 350 pF 
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Fig.10 — Typical dynamic power dissipation 
vs. frequency. 
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Dimensions and pad layout for CD40768H 


30 40 50 60 70 80 


j Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 











The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
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(HESS) L256) different chips. The actual dimensions of the isolated 
chip, thecretore, may ditfer slightly from the nominal 
dimensions shown. The user should considers a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4078B Types 


Features: 
® Medium-Speed Operation: 
tPHL. tPLH = 75 ns (typ.) at Vpp = 10 V 
® Buffered inputs and output 
@ §-V, 10-V, and 15-V parametric ratings 


CMOS 8-Input 
NOR/OR Gate 


: . ®@ 100% tested for quiescent current at 20 V 
High-Voltage Types (20-Volt Rating) 


@ Maximum input current of 1 vA at 18 V 
over full package-temperature range: 
100 nA at 18 V and 25°C 

@ Noise margin (over full package-temperature 
range): 1VatVpp=5V 
2VatVpp=10V 2.5 VatVpp=15 V 


= Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


The RCA-CD4078B NOR/OR Gate provides 
the system designer with direct implementa- 
tion of the positive-logic &-input NOR and 
OR functions and supplements the existing 
family of CMOS gates. 

The CD4078B types are supplied in 14-lead 
dual-in-line ceramic packages (D and F suf- 
fixes), 14-lead dual-in-line plastic packages 
(E suffix), 14-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vop) 


(Voltages referenced to Vgg Terminal}. : —0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . -~0.5 to Vpp +0.5 V 
OC INPUT CURRENT, ANY ONE INPUT . . 410 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40 to +60°C (PACKAGE TYPE E) - 500 mw 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mw/°c to 200 mW 

For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 


For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mw/°c to 200 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Tg = FULL PACKAGE-TEMPERATURE RANGE [All Package Types) 100 mw 

OPERATING- TEMPERATURE RANGE ial . 
PACKAGE TYPES D,F,K,H |. E 85 to +125°C 
PACKAGE TYPE E —40 to +85°C 


STORAGE TEMPERATURE RANGE (Teg) 
LEAD TEMPERATURE (DURING SOLDERING): 


66 to +150°C 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. +265°C 
a@) 
RECOMMENDED 
OPERATING CONDITIONS 8 


For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always within the following ranges: ry 


CHARACTERISTIC inn ni 


Ree 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At T, = 25°C, input ty, ts = 20.0s, Cy = SOpF, Ry = 200k2 








Supply-Voltage Range 
(For Ta Full Package 
Temperature Range} 





Fig. 1 -- Logic diagram. 
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CHARACTERISTIC 




















MAX. 
Propagation Delay Time, 300 
tPHL. tPLH 190 = 
0 | 
200 
Transition Time, 100 ns 
tTHL. TTLH 80 
Input Capacitance, C Any Input 7.5 pF 
IN deel ee Eras nee iy 








@ Standardized symmetrical output characteristics 
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FUNCTIONAL DIAGRAM 
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Fig. 2 — Typical output low (sink) current 
characteristics. 
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Fig. 3 — Minimum output tow (sink) 
current characteristics, 
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Fig. 4 — Typical output high (source) current 


characteristics. 











STATIC ELECTRICAL CHARACTERISTICS 






















LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K,H Packages 
Values at —40, +25, +85 Apply to E Package 
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Fig. 8 — Schematic diagram. 





CD4078B Types 


DRAIN-TO-SOURCE VOLTAGE (Vpg}—V 


x15 x10 -5 o 
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GATE -TO- SOURCE VOLTAGE (¥gg)* -5 Vv; 
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Fig. 5 — Minimum output high (source) 
current characteristics. 
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Fig. 6 — Typical transition time as a 
function of load capacitance. 
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Fig. 7 — Typical propagation delay time 
as a function of load capacitance. 
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Fig. 9 — Typical voltage transfer charac- 
teristics {NOR output). 
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CD4078B Types 
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Fig. 10 — Typical dynamic power dissipation 
as a function of frequency. Fig. 11 — Quiescent-device-current test circuit. Fig. 12 — input current test circuit. 
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Fig. 13 — Input-voltage test circuit. Fig. 14 ~ Dynamic power dissipation test circuit. TERMINAL ASSIGNMENT 
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Dimensions and pad layout for CD4078BH. 


The photographs and dimensions of each CMUS chip 


ie . 4 : airs is . When the 
Di ion in rei " represent a chip when it is part of the water. w 
mensions in parentheses are in millimeters and are fer is separated inio individual chips, the angie of 


derived from the basic inch dimensions as indicated. cleavage may vary with respect to the chip face for 

Grid graduations are in mils 10-3 inch). different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mits to +16 mils applicable to the nominal 
dimensions shown. 
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CMOS Dual 2-Wide 


2-Input AND-OR-INVERT Gate 


High-Voltage Types (20-Volt Rating} 


The RCA-CD4085 contains a pair of AND- 
OR-INVERT gates, each consisting of two 
2-input AND gates driving a 3-input NOR 
gate. Individual inhibit controls are provided 
for both A-O-1 gates. 


The CD4085B types are supplied in 14-lead 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
ages (E suffix), 14-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Features: 


® Medium-speed operation — tpHi = 90 ns; 
tpLy = 125 ns (typ.} at 10 V 
® Individual inhibit controls 


®@ Standardized symmetrical output characteristics 


® 100% tested for quiescent current at 20 V 


® Maximum input current of 1 vA at 18 V over full package- 


temperature range; 100 nA at 18 V and 25°C 
® Noise margin (over full package- 
temperature range): 
1VatVpp=5V 
2V at Vpp=10V 
2.5 V at Vop = 15 V 
m5-V, 10-V, and 15-V parametric ratings 
= Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices’’ 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


CD4085B Types 


innioit, 22 
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eo 2 
ci 
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Innieit 2 +! 


€& « INWIBIT + AB+CO 
LOGK: IS HIGH 
LOGIC Of LOW 
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FUNCTIONAL DIAGRAM 








OUTPUT VOLTAGE ivgl—v 








o 8 [) 6 pecs ~2300% 





{Voltages referenced ta Vgg Terminal) e ~0.5 to +20 V ee 
INPUT VOLTAGE RANGE, ALL INPUTS . -0,5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT +. F10mA Fig. 1 ~ Typical voltage and current 
POWER DISSIPATION PER PACKAGE (Pp): transfer characteristics. 
For Ta = —40 to +60°C (PACKAGE TYPE E} oe eee 500 mW 
For Ta = +60 to +85°C (PACKAGE TYPE E) . Derate Linearty at 12 mW/9C to 200 mw 2 
“For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mw 


For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) 


Derate Linearly at 12 mW/°C to 200 mW 








DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types} 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, Ff, K, H woah Oe, ote 

PACKAGE TYPE E wives hag US eela bOI ae Be 
STORAGE TEMPERATURE RANGE (Tstgh 6 ee 
LEAD TEMPERATURE (DURING SOLDERING}: 


100 mw 


—55 to +125°C 
—40 to +85°C 
—65 to +150°C 





OUTPUT VOLTAGE {Vp}—¥ 















































At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. +265°C HHH 
a8 
UE HE GET 
° A 5 w « ry 17.5 ! 
RECOMMENDED OPERATING CONDITIONS INPUT VOLTAGE (Vy)—V “eacs-2ene0 
For maximum reliability, nominal operating conditions should be selected so that 
Operation is always within the following ranges: fig 2S. Wiec and tna, deieage wwareter 
CHARACTERISTIC LIMITS UNITS characteristics, 
Supply-Voltage Range (For T a=Full Package- Vv io i Neeson re 
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Fig. 3 — Typical power dissipation vs. frequency. 
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CD4085B Types 


STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 
CHARAC- Values at -55, +25, +125 Apply to D, F, K, H Pkgs. 
TERISTIC CONDITIONS Values at —40,+25,+85 Apply to E Pkgs. 


Quiescent 
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{pp Max. 
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Fig. 4 — Typical data high-to-low level propagation Fig. § — Typical data low-to-high level propagation Fig. 6 — Typical data propagation delay time vs. 
delay time vs. load capacitance. delay time vs. load capacitance. supply voltage. 
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CD4085B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input t,, ty = 20 ns, 
C,_ = 80 pF, Ry = 200 KO 
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Fig. 7 ~ Typical output low (sink} 
current characteristics. 
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Fig. 8 — Minimum output low (sink) 
current characteristics. 
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Fig. 12 — Quiescent device current test circuit. Fig. 13 — input voltage test circuit. Fig. 14 — input current test circuit. 
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CD4085B Types 


INFIBET 1 ‘a 
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c2® 
TERM. 14* Voo Yoo 
. TERM. 7" Vsg 
o2@ vss 
iS 
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INHIBIT 2. 


ALL INPUTS PROTECTED BY 
STANDARD COS/MOS PROTECTION 
NETWORK ss 


P2CL -2309IR1 


Fig. 15 — CD4085 schematic diagram. 


Dimensions in parentheses are in millimeters and are 
48— re 22) ‘derived from the basic inch dimensions as indicated. 
the Grid graduations are in mils ( 1073 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the water. When the 
water is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may difter slightly from the nominal 
dimensions shawn. The uses should consider a tolerance 
of —3 mils to +16 mils applicable to the nominat 
dimensions shown. 
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Dimensions and Pad Layout for CD40858H. 
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CMOS Expandable 4-Wide 
2-Input AND-OR-INVERT Gate 


High-Voltage Types (20-Valt Rating) 


The RCA-CD4086B contains one 4-wide 
2-input AND-OR-INVERT gate with an 
INHIBIT/EXP input and an ENABLE/ 
EXP input. For a 4-wide A-O-1 function 
INHIBIT/EXP is tied to Vgg and ENABLE/ 
EXP to Vpp. See Fig.10 and its associated 
explanation for applications where a cap- 
ability greater than 4-wide is required. 


The CO4086B is supplied in 14-lead dual-in- 
line ceramic packages (D and F suffixes), 
14-lead dual-in-line plastic packages (E suf- 
fix), 14-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


Features: 
& Medium-speed operation — tpy_ = 90 ns; 
tPLH = 140 ns (typ.) at 10 V 
INHIBIT and ENABLE inputs 
Buffered outputs 
100% tested for quiescent current at 20 V 
Maximum input leakage current of 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
®& Noise margin (over full package 
termperature range): 
1VatVpp=5V 
2 Vat Vpp = 10 V 
2.5 V at Vop = 15 V 
® Standardized, symmetrical output 
characteristics 
® §-V, 10-V, and 15-V parametric ratings 


Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


MAXIMUM RATINGS, Absolute-Maximum Values: 


OC SUPPLY-VOLTAGE RANGE, {Vpp) 
(Voltages referenced to Vgg Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS . 

OC INPUT CURRENT, ANY ONE INPUT . 

POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E} 


For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 
For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


. ~0.5 to +20 V 
-0.5 to Vpp 40.6 V 
ae SA 10 mA 


Cee ee ee ee oe ee ee 500 mW 
Derate Linearty at 12 mW/°C to 200 mW 
ite ae VO, act, inner es ee 500 mW 
Derate Linearly at 12 mW/°C to 200 mW 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPESD,F,K,H 2... 65 to +126°C 

PACKAGE TYPEE . . .... . —40 to +85°C 
STORAGE TEMPERATURE. RANGE (Tstg) . 85 to +150°C 
LEAD TEMPERATURE {DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 £0.79 mm) from case for 10s max. . +265°C 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For Tq = Full Package- 
Temperature Range) 








CD4086B Types 


10 INHIBIT/ERP 


LOGIC 1@ HIGH 
LOGIC O LOW 


op 7/4 


Vss°7 


EX! 
a ENABLE/EXP were 


JT INH + ENABLE + AB4CO+ EF +GH 
9208-258 70M 


FUNCTIONAL DIAGRAM 





A 


a- 
J*INH+ENABLE+ 
AB+CO+EF+GH 
NC 





92CS - 23869Rt 
Top View 
TERMINAL ASSIGNMENT 










° s 


INPUT VOLTAGE (Vp )——¥ 


ence-23078 
Fig. 1 ~ Typical voltage and current transter 
characteristics. 


INPUT VOLTAGE iVr)—V¥ 


4 otha 
Fig. 2— Minimum and maximum voltage transfer 
characteristics. 
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CD4086B Types 


STATIC ELECTRICAL CHARACTERISTICS 






LIMITS AT INDICATED TEMPERATURES (°C) 
Vaiues at -55, +25, +125 Apply to D, F, K,H Pkgs. 
Vatues at —40,+25,+85 Apply to 






CHARAC- 
TERISTIC 





Quiescent 
Device 
Current 

!pp Max. 

Output Low 
(Sink) 
Current, 
lo, Min. 

Output High 
(Source) 
Current, 

on Min. 

Output Voit- 
age: 

Low-Level, 
















Output Volt- 


age: 
High-Level, 
Vow Min. 





tnput Low 
Voltage, 
Vit Max. 






Input High 
Voltage, 
Vin Min. 
Input 
Current, 
Tiny Max. 
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} ary i 
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' iene 

ETT Bi a EE 

LJ oo oo 
LOAD CAPACITANCE (C, }—pF deovateae FREQUENCY (fF 3— KHZ ase aeaey 
Fig.6 — Typicat transition time vs. load capacitance. Fig.7 — Typical power dissipation vs. frequency. 









































KTE-TO-SOURCE VOLTAGE (Vigg)*i5. 


OUTPUT LOW (SWIK) CURRENT (I) mA 


DRAIN~TO-SOURCE VOLTAGE (Vp3)—V castaviens 
‘Fig. 3~ Typical output low (sink) 
current characteristics. 





To ma 


OUTPUT LOW (SINK) CURRENT ( 
x 


ORAIN-TO-SOURCE VOLTAGE (Vps)—V 
aco 2431081 


Fig. 4 ~ Minimum output low (sink} 
current characteristics, 


DRAIN- TO-SOURGE VOLTAGE (Vps)—V 


8 10 -$ 





OUTPUT HIGH (SOURCE) CURRENTII oy)— mA 





92¢s-24320R3 
Fig.5 — Typical output high (source) 
current characteristics. 


ORAIN-TO-SOURCE VOLTAGE (Vp$)—V 
215 -10 5 ° 
AMBIENT TEMPERATURE (Taye25°C 


GATE-TO- SOURCE VOLTAGE (Vgg]*-5 ¥ 
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Sees 2eszIR7 
Fig.8 — Minimum output high (source) 
current characteristics. 

































Yoo 
e e 
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7 
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ss 
Yss 
TERM 14% Voy 
TERM 7*Vsg 








ENABLE/EXP 


INMIBIT/ EXP 








* ALL INPUTS PROTECTED BY 
cos/Mos 
PROTECTION NETWORK. 





Vss 


92CM- 23872Ri 


Fig. 9 — CD40868 schematic diagram. 






ENABLE/EXP, 


INHIBIT /EXP 


%2 


2: 
ENABLE /EXP 





J2sAlGI4Cl DIFEl FI4GiH 


Fig. 


Fig. 10 above shows two CD4086’s utilized 
to obtain an 8-wide 2-input A-O-| function. 
The output (J1) of one CD4086 is fed di- 
rectly to the ENABLE/EXP2 line of the 
second CD4086. [n a similar fashion, any 


t+A2 B2+C202+E2 F2+G2 H2 


92¢5 2387) 


10— Two CD40868's connected as an 8-wide 2-input A-O-/ gate. 


NAND gate output can be fed directly into 
the ENABLE/EXP input to obtain a 5-wide 
A-O-| function. In addition, any AND gate 
output can be fed directly into the IN- 
HIBIT/EXP input with the same result. 


CD4086B Types 


{SOO nwaBiens TEMPERATURE (Ta)+25°C 
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WIGH-TO-LOW LEVEL PROPAGATION 





DELAY TIME (tpi) — ns 












































60 
LOAD CAPACITANCE (C.)—pF 
92c$-24501 


Typical DATA or ENABLE high-to-low 


level propagation delay time vs. load 
capacitance, 
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LOW-TO-HIGH LEVEL PROPAGATION 



































LOAD CAPACITANCE {C.}— oF 


szcs- 24502 


Fig. 12 — Typical DATA or ENABLE low-to-high 
level propagation delay time vs. load 
capacitance, 












AMBIENT TEMPERATURE (Ta)* 25% 
LOAD CAPACITANCE (CL)*$0 pF 
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SUPPLY VOLTAGE (Voo!—¥ 


7S 20 


920$~24908 


Fig. 13 — Typical DATA or ENABLE propagation 
delay time vs. supply voltage. 
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CD4086B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 


At Tg = 25°C; Input ty, t= 20s, Cy = 50 pF, Ry = 200k. 






CHARACTERISTIC 


Propagation Delay Time 
(Data): 
High-to-Low Level, tpy. 








Low-to-High Level, tpLH 









Propagation Delay Time 
{Inhibit}: High-to-Low 


Level, toi (tNH) 


Low-to-High Level, 
*PLH(INH) 


Transition Time, 
‘THU *TLH 








| Grid graduations are in mils (1 0-3 inch). 


N 
8 


Input Capacitance CiN Any Input 


LIMITS 


310 


180 


~ 
a 


~ 
o 





48-56 













hs 


ny 
4-10 
102 - 0.254) 
46-54 
(1.168 — 1372) 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips, The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown, The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and Pad Layout for the CD4086BH 
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TEST CIRCUITS 





92C8- 27401R1 


Fig. 14 — Quiescent device current, 


INPUTS. OUTPUTS 


so | 4 
Von —_— hes 
- 


NOTE. 
TEST ANY ONE INPUT, 
“56 WITH OTHER INPUTS AT 
Yoo OR Vsg 





9208- 27400R1 


Fig.15 — Input voltage. 


INPUTS 
Yoo NOTE: 
a (=) MEASURE INPUTS 
bd SEQUENTIALLY, 
Vg TO BOTH Vpp AND Vsg° 


CONNECT ALL UNUSED 
INPUTS YO EITHER 


Vip OR Vsg: 
92¢8- 27402 


Fig. 16 — Input leakage current, 














CMOS 
Binary Rate Multiplier 


High-Voltage Types (20-Voit Rating) 


The RCA-CD4089B is alow power 4-bit digital 
rate multiplier that provides an output pulse 
rate that is the clock-input-pulse rate multi- 
plied by 1/16 times the binary input. For 
example, when the binary input number is 
13, there will be 13 output pulses for every 
16 input pulses. This device may be used in 
conjunction with an up/down counter and 
contro! jogic used to perform arithmetic 
operations (adds, subtract, divide, raise to a 
power), solve algebraic and differential equa- 
tions, generate natural logarithms and trigo- 
metric functions, A/D and D/A conversions, 


and frequency division. 
For words of more than 4 bits, CD40898 


devices may be cascaded in two different 
modes: an Add mode and a Multiply mode 
(see Figs.14 and 15). in the Add mode some of 
the gaps left by the more significant unit at 
the count of 15 are fitled in by the less 
significant units. For example, when two 
units are cascaded in the Add made and 
programmed to 1? and 13, respectively, the 
more significant unit will have 11 output 
pulses for every 16 input pulses and the 
other unit will have 13 output pulses for every | 
256 input pulses for a total of 

33189. 

16 256 256 
in the Multiply mode the fraction pro- 
grammed into the first rate multiplier is 
multiphed by the fraction programmed into 
the second multiptier. Thus the output rate 
wili be WW 13° 143 


x = 
16 16 256 


Features: 


® Cascadable in multiples of 4-bits 

® Set to “15” input and “15” detect output 
® 100% tested for quiescent current at 20 V 
#5-V, 10-V, and 15-V parametric ratings 


® Standardized, symmetrical output characteristics 


=| Maximum input current of 1 uA at 18 V over 
full package-temperature range; 100 nA at 


_ 18 V and 25°C 
8 Noise margin (full package-temperature 
range) = 
1Vat Vpop=5V 
2 Vat Vpp 710 V 
2.5 Vat Vpp = 15 V 


@ Meets all requirements of JEDEC 
Tentative Standard No. 13A, “Standard 
Specifications for Description of ’B’ 
Series CMOS Devices” 


Applications: 


® Numerical control 

@ Instrumentation 

© Digital filtering 

®@ Frequency synthesis 


The CD4089B6 has an internai synchronous 
4-bit counter which, together with one of the 
four binary input bits, produces pulse trains 
as shown in Fig. 2. 


lf more than one binary input bit is high, the 
resulting pulse train is a combination of the 
separate pulse tra:ns as shown in Fig. 2. 


The CD4089B types are supplied in 16-lead 
ceramic dual-in-line packages (D and F suf- 
fixes), 16-lead dual-in-tine plastic packages 
(E suffix), 16-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Adsolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


CD4089B Types 


BINARY RATE 


SELECT INPUTS: STROBE 


INHIBIT 
{CARRY} IN 


BINARY 
OUTPUTS 
COUNTER 


"15" QUT 


INHIBIT (CARRY) OUT 


920S-25004R: 


FUNCTIONAL DIAGRAM 








AMBIENT TEMPERATURE (Ta}=28 °C 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V¥ 
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Fig. 1 — Typical output low {sink) current 
































































































































characteristics. 
AMBIENT TEMPERATURE (Ta}=25°C . F 
tHits : 
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3 ae es 
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2 
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o 
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ORAIN-TO-SOURCE VOLTAGE (Vps)—V 
9uCS 2asiger 


Fig. 2 — Minimum output low (sink) current 
characteristics. 


ORAIN~ TO-SOURCE VOLTAGE (Vps)—V¥ 
~10 ~5 o 








(Voltages refertnced to Veg Terminal) : -0.5 to +20 V NT TEMPERATURE (Ta )=25 °C, 
INPUT VOLTAGE RANGE, ALL INPUTS . 0.5 to Vpp +0.5 V GATE-TO~SOURCE VOLTAGE (Vgs)*-SV $ 
OC INPUT CURRENT, ANY ONE INPUT F H10mA 
POWER DISSIPATION PER PACKAGE (Pp): “0 
For Tp, = —40 to +60°C (PACKAGE TYRE —) . UC SO ie he eh a 500 mw is 
For Ta = +60 to +85 C (PACKAGE TYPE E) . Derate Linearly at 12 mW/ C to 200 mW 
For Ta = -§5 to +100°C (PACKAGE TYPES D, F, K)} 500 mw =10V; 1-20 





For T, = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


. 
8 
OUTPUT HIGH (SOURCE) CURRENT(LOHI—mA 


























FOR Tq = FULL PACKAGE-TEMPERATURE RANGE {All Package Types) 100 mw ane ieee 
OPERATING-TEMPERATURE RANGE (T,): 

PACKAGE TYPES D, F, K, H : —55 to +125°C 

PACKAGE TYPE E ~40 to +85°C i 



































STORAGE TEMPERATURE RANGE (T,,.) . —65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max. 


9208. 2452085 


Fig. 3 ~ Typical output high (source) current 
characteristics. 


+265°C 
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CD4089B Types 


RECOMMENDED OPERATING CONDITIONS at Tp = 25°C, Except as Noted. For maximum 


DRAIN-TO-SQURCE VOLTAGE (¥psl--V 














































































































A =6:. . . eas = 32 ac] 7 
reliability, nominal operating conditions should be selected so that operation is always within BOBIENTOTEMPecaTune (faln297C 
the following Tanges: GATE -TQ- SOURCE VOLTAGE (¥%; g)* 5 V, ‘ 
CHARACTERISTIC -5 8 
. 5 
aeuseeisesatis : 
Supply-Voltage Range (For T, = Full Package- . SHES EE ov “oe 
Temperature Range) te = ie: ae Be a g 
Ssestaeeesssfets tesgi tee g 
as y 4 3 
Set or Clear Pulse Width, oe seeascenss att : ia 
eeseeeay : 5 
i 3 
Clock Pulse Width, sacasegaring 
Fig. 5 — Minimum output high (source) current 
characteristics. 


Clock Frequency, 


Clock Rise or Fall Time, 


Inhibit In Setup Time, 


Inhibit In Removal Time, 





LOAD CAPACITANCE (CL}— pF 


92c9- 29184 


SatsHomeyel Time: Fig. 6 — Typical propagation detay time as a 
function of load capacitance (Clock 
or Strobe to Outi. 


AMBIENT TEMPERATURE (Ta)*25°C 


Clear Removal Time, 





TRANSITION TIME (tte. TLH)—98 








3 
O6 LOAD CAPACITANCE (6. I~ pF 
9208-24322 





= pe, Fig. 7 — Typical transition time as a function 
of load capacitance. 
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: Ea 
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BY COS/MOS PROTECTION Ha 
NETWORK fa 
2 
Yoo 
92C$-25007R3 
INPUT FREQUENCY (tiq?—KH2 — gacg- aging 
Fig. 8 — Typical dynamic power dissipation as a 
2 er function of input frequency. 
¥ss Fig. 4 ~ Logie diagram. WRC HOM OR INDY LT ONUCnEY, 
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CD4089B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 28°C; vo 
Input t,, tp = 20 ns, Cy = 50 pF, Ry = 200 k2Q 


TEST 
CHARACTERISTIC CONDITIONS 






<s| 


Sxeersun 


Propagation Delay Time, tpr_. tpLH 
Clock to Out 


92CS- 29187 
Fig. 9 — Dynamic power dissipation test circuit. 
Ciock or Strobe to Out 


Clock to Inhibit Out 
High Level to Low Level 





Low Level to High Level 





Clear to Out 


Sets 2raniAl 


Fig. 10 — Quiescent device current test circuit. 


Yoo 
WPUTS 
Yoo NOTE: 
MEASURE INPUTS 
o> SEQUENTIALLY, 
¥ss TO BOTH Vp AND Vgg- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vo OF Vg: 
Vss 


92C$- 27002 


Clack to 9" or "15° Out 
Cascade to Out 


inhibit In to Inhibit Out 


Fig. 17 ~ Input-current test circuit. 


Yoo 
INPUTS ouTeUTS | 
vin | 
+, | 
ae —“e ! 
Yin aa ‘ 
NOTE: 

vss 


TEST ANY COMBINATION 
OF INPUTS 


Set to Out 


Transition Time, tTHL: “TLH 


Maximum Clock Frequency, fet 


Minimum Clock Pulse Width, tw 


92CS-27A4IRI 
Fig. 12 — input-voltage test circuit. 
Clock Rise or Fall Time, tei, tro 





“1s"0UT ‘e Yoo 
oe ' c 2 8 
Minimum Set or Clear Pulse Width, ty D 3 A 
SET TO"IS" 4 CLEAR 
a 5 CASCADE 
out —}6 rer 
Minimum Inhibitin Setup Time, tgy Mea aT STROBE 
Yss 8 cLocK 
Minimum Inhibit In 9208-25008RI 
Removal Time, TOP VIEW 
TERMINAL ASSIGNMENT 
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CD4089B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 25°C (cont'd) 
Input t,, tp = 20 ns, Cy = 50 pF, Ry = 200 kQ 


CHARACTERISTIC 
LIMITS 


Te. [| 


Minimum Clear Removal Time, trem 


Input Capacitance, Cin jAny tnput 


LIMITS AT INDICATED TEMPERATURES (°C) 


NS | Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 


CONDITIO 

Vo | Yin |Yop 

38 [eel ett ow {te | sos [oes ome [a 
| | S| 150] 150] 


[8] 
Device | 10 | rol 10{ 300] 300} 


+ 
a 


Current, 


Output Low 
(Sink) Current 


° 2 
\ i=] bs 
_ @ 


t 
w 


(Source) 
Current, 


ey 
al 
es 
Pe 
| 051 
0.51] 
| -16| 














Pq Te [| wpa 
r 
fe ee ee ee Sel 





Input Low 
Voltage 
ViL Max. 











Input High 
Voltage, 
Vix Min. 





Input Current 
tin Max. 


i+ 
ad 
= 
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TRUTH TABLE 













INPUTS 


Number of Pulses or 
Input Logic Level 
(0 = Low; 1 = High; X = Don’t Care) 





out 


n 
4 
P:] 
iz) 
> 
“wn 
iz) 
rm 
»:] 
n 
m 
4 


oooo 


12 


eafee= [eose[eace[eerelereefF 
poss fvwsfsecfeceeenne 
rs Voed a ee a 
CEE Grd ces a ons oa 
oooojoooco|ioooo|;oooco 
Ses cd oo ce a 





OUTPUTS 


Number of Pulses or 
Output Logic Level 
(L = Low; H = High) 


ay 
o = 
Beec|oeslewee 


CD4089B Types 


MOST SIGNIFICANT LEAST SIGNIFICANT 
OIGIT DIGIT 











OUT | INH |15” 
OUT|OUT 





92C5- 25008 
Fig. 13 — Two CO40898’s cascaded in the “Add” 
mode with a preset number 


i: 


iad (2, 2.18 
° 16° 256 256 


12 





O 
CLOCK 


92cs -28009 


Fig. 14 —Two CD4089B's cascaded in the “Multiply” 
mode with a preset number 


* Output same as the first 16 lines of this truth table (depending on values of A, B, C, O). 


t Depends an internal state of counter. 


10 20 
{ 
















4-10 
(0.102-0.254) 
105-13 
(2.667- 2.870) 


92CS-29I56R2 





1119-143 
143 (x ew). 
ei (4.2 s) 
CLOCK 
COUNTER STATE Oo tf 2 3 4 $6 6 7 6 9 OW HW 12 13 14 6s 0 Ft 


1*| 


{LSB8) INPUT A®H nh 5 OUTPUT 
: 1 WAVE 
t TRAINS: 
j | J | I (TERM.6) 
INPUT B= 
ti 
LL 
INPUT C*H 


(MSB) INPUT O*H 


14 
*an OUTPUT BIT MAY BE FILLEOIN THIS COUNTER STATE 


BY A LESS SIGNIFICANT CO4069 CASCAQEO IN THE ADO MODE. 9205. 2s006n1 


Fig. 15 — Timing diagram. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch}. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 


chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considera tolerance 


Dimensions and Pad Layout for CD4089BH 


of -3 mils to +16 mils applicable to the nominal 


dimensions shown. 
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CD4093B Types 


CMOS 


Quad 2-Input NAND 
Schmitt Triggers 


High-Voltage Types (20 Volt Rating) 


The RCA-CD40938B consists of four Schmitt: 
trigger circuits. Each circuit functions as a 
two-input NAND gate with Schmitt-trigger 
action on both inputs. The gate switches at 
different points for positive- and negative- 
going signals. The difference between the 
Positive voltage (Vp) and the negative volt- 
age (Vjy) is defined as hysteresis voltage (Vi) 
(see Fig, 2). 


The CO40938 types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
package (E suffix), 14-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). 


Features: 


@ Schmitt-trigger action on each input with no 
external components 

@ Hysteresis voltage typically 0.9 V at 
Vpp = 5 Vand 2.3 V at Vop = 10 V 

® Noise immunity greater than 50% 

® No limit on input rise and fall times 

® Standardized, symmetrical output characteristics 

® 100% tested for quiescent current at 20 V 

®@ Maximum input current of 1 vA at 18 V 
over full package-temperature range, 
100 nA at 18 V and 25°C 

@5-V, 10-V, and 15-V parametric ratings 

© Meets all requirements of JEDEC Tentative 


Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 


®§ Wave and pulse shapers 

§ High-noise-environment systems 
® Monostable multivibrators 

@ Astable multivibrators 

&@ NAND logic 


MAXIMUM RATINGS, Absolute-Maximum Values: 


OC SUPPLY-VOLTAGE RANGE, (Vop) 

(Voltages referenced to Vgg Terminal) . 
INPUT VOLTAGE RANGE, ALL INPUTS . . 
OC INPUT CURRENT, ANYONE INPUT . . . 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40 to +60°C (PACKAGE TYPE E) 

For qa = +60 to +86°C (PACKAGE TYPE &) 

For 

For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE. TEMPERATURE RANGE (All Package Types) 


OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES D,F,K,H 2... ee ee 


PACKAGE TYPEE... 1 2 ee eee ee es 
STORAGE TEMPERATURE RANGE (Teg) 
LEAD TEMPERATURE (OURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max. 


Vp Yu 


al Definition of Vp Van Vy 


= -55 to +100°C (PACKAGE TYPES D, F, K) . 


6) Transfer characteristic 


-0.5 to +20 V 
-0.5 to Vop +0.5 V 
HOmA 


6 ae gel the oe he hn a ee 500 mW 
Derate Linearty at 12 mW/°C to 200 mW 
hie Ta ope, He NOS oe oe SES 500 mw 
Derate Linearly at 12 mW/°C to 200 mW 
100 mW 
soca tice ago ak plat Gicbectes se WSs 85 to +125°C 


~40 ta 485°C 
~65 to +150°C 


+265°C 


Yo 
wf)» 
Vue ¥e- Ya 


c) Test setup 


‘r 


of 1 of 4 gates. 92cM-239e82m 


Fig. 2 — Hysteresis definition, characteristic, and test setup. 





92C$-23860 


FUNCTIONAL DIAGRAM 





RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be setacted so that operation 
is always within the following ranges. 


[cHaractenistic_|win.| max junrrs] 


Supply- Voltage Rangel 


(Ta = Full Package- 
Temp. Range) 





1(8,812) > 
Oo oO S410, 11) 
26,9181 [up B O 


* auc inputs enormereD BY COS/MOs 


PROTECTION NETWORK 


Yoo 


9205-2388IRI Yes 


Fig. 1 — Logic diagram—1 of 4 Schmitt triggers. 


DRIVER 


INPUT 
CHARACTERISTIC 


OUTPUT 
CHARACTERISTIC 
Yoo 


Logic "3" 
OUTPUT 
REGION 





9205-2 3€83R3 
Fig. 3 — lnput and output characteristics, 
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STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 


Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Packages 





CHARACTER- 
IsTIC 


Quiescent Device 












CD4093B Types 





CONDITIONS 





QUTPUT VOLTAGE (¥gI—v 











AMBIENT TEMPERATURE evar 2erc. 





DRAIN CURRENT [Ip}— mA 
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wo [E[ors[ is a[ a [20 | ey : 
° on 5 by 10 24 [cy 
[= fo2] 20 | 70] 20 [ soo, = wr 
secs 2aaer 
‘ositive Trigger transfer characteristics. 
ag REREAD r= 
Vp Min ¢ 
Tf 
Vv 1s] SUPPLY VOLTAI 
i 
2 ov 
S 
5 
$ 
5 
as Sv 
Vv 2 
°o s 10 1S 
INPUT VOLTAGE (vy iu: 
92¢8- 24026 
. - ig. 5 — ical vol ti fer characteristi 
Threshold Voltage ~ e : 
Vy Min. = 7 AMBIENT TEMPERATURE tale = 25ecy TEE HH 
S Ei 
~ é co ttt 
ps) 
eat = rr 
bad tt 
a 5 if 7 
g i Ht Hf i He 
28 5 eastei 
Vn Max. 2 <= Prt + HH 
52 aac al | He 
5 
A v 3 
a 
So 
6.6 Hi 
seenas: 
9.6 97ct asians 
DRAIN-TO- Snce VOLTAGE (Vos) ~V 
Hysteresis Voltage ~ Fig. 6 — Typical output tow (sink) current characteristics 
Vi Min. beer | 
a AMBIENT TEMPERATURE (14 )+25 °C 
Vv t t: 
: 
€ ae 
h + 
Ss “GATE - TO- SOURCE VOLTAGE (Vgg)='5 V 
= 
Vi Max. f16 | 3 10] 
¥ i 13 Joy 
x 
| 35{ 5 | y an 
a 
| 09 | 16 | ; 
a 
Bes Sv 
ro [34] a4 [ 34] 34 [- 
_ ° 5 5 
b 18 5 5 § 5 3.5 DRAIN-TO-SOURCE VOLTAGE (Vps)~—V¥ 
s2cs-24sane 
8 tnput on terminals 1,5,8,12 or 2,6,9,13; other inputs to Vop- 5 Pos i 
Fig. 7 — Minimum output flow (sink) current 


Binput on terminals 1 and 2, 5 and 6,8 and 9, or 12 and 13; other inputs to Voo- 


characteristics. 
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CD4093B Types 


STATIC ELECTRICAL CHARACTERISTICS {CONT'D} DRAIN- TO- SOURCE VOLTAGE (Vps)—V 


-5 ~10 -5 o 

AMBIENT TEMPERATURE (Ta)-25°C. 
+ Hosshsdsdbsbsidibae f 
GATE -TO-SOURCE VOLTAGE (vgs)*-5V 











CHARACTER- 
ISTIC 


o 


t 
6 


OUTPUT HIGH (SOURCE) CURRENTII oH}— ma 












































Output Low (Sink} 
Current, 
tor Min. 
















































































Output High 
(Source} 
Current, 


{OH Min. 














9265+ 2492083 


Fig. 8 — Typical output high (source) current 
characteristics. 


Output Voltage 
Low-Level, 
Voi Max. 





ORAIN-TO-SOURCE VOLTAGE (Vps)—V 


-15 -10 3 o 
AMBIENT TEMPERATURE (Tale 25° 








GATE -TO -SOURCE VOLTAGE (Vgg)= - 5 

Output Voltage 
High-Level, 
VoH Min. 








off|2 o ° 
elalo ° a 











Input Current, 
tiny Max. 





wW}oN 
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OUTPUT HIGH [SOURCE) CURRENTIL On)— mA 

















DYNAMIC ELECTRICAL CHARACTERISTICS 






































































































































































































































= : = = = 92¢5-24 320m 
At Ty = 28°C; Input t,, t¢= 20ns,C, = 50 pF, Ry = 200kQ Pig oe Wb uede sue 
characteristics. 
CHARACTERISTIC = 
AMBIENT TEMPERATURE (Tale 25°C 
0 4 LOAD CAPACITANCE (CL)* S0pF 
i HEH 
A Por 
Propagation Delay Time: eS 
‘SO0H++ 
'PHL: ES HH 
tPLH Lapa itaen stats 
300 sStada. 4 
tT ition T Bisse ea AHH 
ransition Time, tTHL. Boot Noo HH : 
'TLH 8 jokes HH 
ec Ht 
Input Capac:tance, Cy, = cH Ht 4 
° 

































































5 10 is 
SUPPLY VOLTAGE (Vpp) 
92C8-24829R2 


Fig, 10 — Typical propagation delay time 
vs. supply valtage. 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































AMBIENT TEMPERATURE (Ta)*25*C 1 T AMBIENT TEMPERATURE (Ta)=25°C ret AMBIENT TEMPERATURE (%q)*25 °C ~ 
> INPUT ON TERMINALS 1,5,8, [2 OR 2. 6,9, (3; Seth teect bred pete tty f s 
- i 1 OTHER INPUTS TIED TO Yop a I i Sb Oe ‘ Hit HHH 
t F3 { 2 ttt rt 
i 3 a cam sds hesecsiyseee= H H 
z ti $8 ea it Sashitttliitn ts 
= Hy bea tH at = rin Secs tenuate 
z SRE 3 7H - H 8 HEME 
5 ff i i 5 + saneue ; & 204+ ah +H : 
= § E t ous 
ba He fo] Thats ait! 
¥ Hl Hee a Ne, alS HTH feers EH 
é 2 a ee essre 5) + 
z We OS FA 2 Fila s H 
S x98 8 @ Ht? ae 
3 Hl peor atil HE Ey = tH © ott + : 
2 loon Ny TTT = eekeres w RTT t ae ee . 
S HH. He + + 2 + + 
@ | HOY. le 5 a —t: € fib geal be ot 
sol 1S. eH kd t Fy ot 
e eee Srereees Ht oH 
teats tensi ts 
L. 5 10 5 20 
Q 20 40 60 80 100 Co) 5 10 IS 20 SUPPLY VOLTAGE (Vpp))~¥ 
LOAD CAPACITANCE (C.)— pF SUPPLY VOLTAGE (Vpp)—V 92c8-24832R1 


9205-24307 
Fig. 11 — Typical transition time vs, load 
capacitance. 


92cs-2aesini 


Fig. 13 — Typical per cent hysteresis vs. 


Fig. 12 — Typical trigger threshold voltage vs. Vpp- supply voltage. 
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AMBIENT TEMPERATURE (T,)"25°C | as CanneyrAnte ter ay ae 
SUPPLY VOLTAGE (Vo) "IS ¥ 
x 4 FREQUENCY {1} +100 kHz 
c 2 
2 é APPLICATIONS 
3 3 
z < To CONTROL 
z 3 SIGNAL 
3 a OR Vpn 
& 5 D0 py" - ! 4 —Voo 
i : . 2 aa et 
ssh - AL v 
4 CD409368 oe 
€ 92cs- 23885 
7 + . e . FREQUENCY RANGE OF WAVE SHAP: 
wrt * 90 to! wo? 103 10* 10 10? 0 1o* 108 108 I$ FROM DC TO | MHz 
FREQUENCY {t}- kHz RISE AMO FALL TIME (1, .tg3—n8 
9205-24835 soisteagee 
Fig. 14 — Typical power dissipation vse Fig. 15 — Typical power dissipation vs. rise and Fig. 16 — Wave shaper. 
frequency characteristics, fall times. 
Yoo TO CONTROL SIGNAL 
TO CONTROL 
OR Von Yoo ta > 
,_ 4c040938 j | | 
: Vg 
Yop — ta eRC ta & cM 
00 ras + * ni} \Yoo = 
| v 
Vv. ‘00. 
tw = RC kn (Ge SOMA ERSIMA 
? Vss “ Fr %) 100 pF< CS I pF 
SsOKN SR<IMQ 
100 pF SCS Ime FoR THE RANGE OF R AND C GIVEN 
FOR THE RANGE OF ® AND C 92C$- 23887AL 
GIVEN Sys < ty <is 
aa Vss 
22¢3- 23806m Fig. 18 — Astable multivibrator. 92C8- 27401R1 
Fig. 17 — Monostable multivibrator. Fig. 19 — Quiescent device current test 


circuit. 


INPUTS 


Yoo NOTE 

No (=) * MEASURE INPUTS 

° SEQUENTIALLY, 

ss TO BOTH Vop AND Vgg, 


CONNECT ALL UNUSED 
WPUTS TO EITHER 





Vop OF Veg 
Vss 
9208-27402 {TOP VIEW) 
92CS-24035 
Fig. 20 — Input current test circuit. TERMINAL ASSIGNMENT 


Dimensions in parenthesés are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (1073 inch). 


41-49 
{1.04)-1.245) 
The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
water is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 


fe 
chip, therefore, may difler slightly from the nominal 
10.102- 02 54) dimensions shown. The user should consider a tolerance 





of —3 mils to +16 mils appliceble to the nominal 
dimensions shown. 





71-79 
{1.803- 2.007) 
92C8-35099 


Dimensions and Pad Layout for CD4093BH 
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CD4094B Types 
CMOS 


8-Stage Shift-and-Store 


Bus Register 
High-Voltage Types (20-Volt Rating) 


The RCA-CD4094B is an 8-stage serial shift 
register having a storage latch associated 
with each stage for strobing data from the 
serial input to parallel buffered 3-state out- 
puts. The parallel outputs may be connected 
directly to common bus lines. Data is shifted 
on positive clock transitions. The data in 
each shift register stage is transferred to the 
storage register when the STROBE input is 
high. Data in the storage register appears at 
the outputs whenever the OUTPUT -ENABLE 
signal is high. 


Two serial outputs are available for cascad- 
ing a number of CD4094B devices. Data is 
available at the Qs serial output terminal on 
positive clock edges to allow for high-speed 
Operation in cascaded systems in which the 
clock rise time is fast. The same serial infor- 
Mation, available at the Q’g terminal on the 
next negative clock edge, provides a means 
for cascading CD4094B devices when the 
clock rise time is slow. 

The CD4094B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
package (E suffix), 16-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). 










CLOCK 


* 


TR 
STROBE TR 


OUTPUT 
ENABLE 


o> 
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@3 04 05 06 07 
Fig. 2 ~ CD4094B Lagic diagram. 


SERIAL 
OUTPUTS 


sae 

Features: ecsrace pos 
REGISTER 

@ 3-state parallel outputs for connection to common bus 

@ Separate serial outputs synchronous to both positive @-BIT 


STORAGE 
REGISTER 


and negative clock edges for cascading 

= Medium speed operation — 5 MHz at 10 V (typ.) 

@ Standardized, symmetrical output characteristics 

= 100% tested for quiescent current at 20 V 

® Maximum input current of 1 uA at 18 V over full package- 
temperature range; 100 nA at 18 V and 25°C 

= Noise margin (full package temperature range): 
1VatVop=5V 2V at Vpp = 10V 

2.5 Vat Vpp = 15 V 

#5-V, 10-V, and 15-V parametric ratings 

® Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


OUTPUT 
ENABLE IS] 3-STATE 
OUTPUTS 





PARALLEL OUTPUTS Q1- G8 
(TERMINALS 4,5, 6, 7, 14,13, 12,11, 


RESPECTIVELY) 
92c$ ~ 2456481 


FUNCTIONAL DIAGRAM 





Yoo 
OUTPUT ENABLE 


Applications: 

8 Serial-to-parallel data conversion 

= Remote control holding register 

® Dual-rank shift, hold, and bus applications 


DADARUN 





9205 Wh64e 
TOP VIEW 


Fig. 1 — Terminal assignment. 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 





(Voltages referenced to Vgg Terminal) .....-... sess eeeeeeee teen een nee e tert tes .. 0.5 to +20V 
INPUT VOLTAGE RANGE, ALL INPUTS ..........--2 555s eee eeeees -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT 2.0.0.0. 6c cece ert e cnt eee eter enter es +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Tp = -40 to +60°C (PACKAGE TYPE E) «....--2- 02 0ee eee eee reeset seesensenencesa sc ssees 500 mw 


For Ta = +60 to +85°C (PACKAGE TYPEE) ........000-05 








For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) ........-++- Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For Ty = FULL PACKAGE-TEMPERATURE RANGE (All Package TypeS) .....--..sseeee renee eee 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K,H 10... cece cece cece ee nee e een e ne teen nner e enn een ~55 to +125°C 

PACKAGE TYPE E .......-. cece eeeeneee -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) Be -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 S$ MAX. 6... cree e eee eee e renee es +265°C 


cLock DPT. 
1 
pata SST TT 
! 


STROBE, 1 ovat lt ( 


oureutS ily LIS LT 
ENABLE 4 | 
INTERNAL Qt 

3 STAT, 


SH 
@ 





STAGES 
coat 


SERIAL 1 | 
OuTPut ; 

920% 25632 
‘ALL INPUTS PROTECTED 


BY COS/MOS 
PROTECTION NETWORK 


Fig. 3 — Timing diagram. 


‘921 - 2563R2 








RECOMMENDED OPERATING CONDITIONS at 74 = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 






CHARACTERISTIC 


Supply-Voltage Range {For Ta=Full 
Package-T emperature Range} 







Data Setup Time, tg 








Clock Pulse Width, tw 


Strobe Pulse Width, tw 






*tf more than one unit is cascaded trCL {for Ag only) should be made tess than or equal 
to the sum of the fixed propagation delay at 50 pF and the transition time of the output 
driving stage for the estimated capacitive load. 


DRAIN-TO-SOURCE VOLTAGE (¥o3)—V¥ 





AMBIENT TEMPERATURE (7,)225°C 
4 












































[-GATE-TO-SOURCE VOLTAGE (¥ggi*I5 V 


Ss 
t 







































































ae 
HE i 

























































































OUTPUT LOW (SINK) CURRENT {Iq)) —mA 








7) IOV, 
8 
a BY 
fs] | 1 c-} 
, 92CS-24319R1 92cs- 2032009 
Fig. 5 — Minimum output low (sink) current Fig. 6 — Typical output high {source} current 
characteristics. characteristics. 


OO AMBIENT TEMPERATURE (1, de2see, 























2 | i 
Fi : 
: F 
i i 
5 ® 
a 
& i. 
J g 
LOAD CAPACITANCE {C,1— pF LOAD CAPACITANCE teu ” 
9208-25833 vecs-23434 
Fig. 8 — Clock-to-serial output Qs propagation Fig. 9 — Clock-to-serial output Q's propagation 
delay vs C;. delay vs C;. 








CD4094B Types 


TRUTH TABLE 

















4 = Level Change Logic 1 = High 
X = Don't Care Logic 0 = Low 
NC = No Change 

OC = Open Circuit, 


* At the positive clock edge information in the 7th shift register 
stage is transferred to the 8th register stage and the Qg output. 


OUTPUT LOW (SINK) CURRENT Rad ma 











GATE-TO-SOURCE VOLTAGE (Vag }9i6 Vi 





° 3 [-) 6 


DRAIN-TO-SOURCE VOLTAGE (Vog)—V 
orcs 24saRy 


Fig. 4 — Typical output iow {sink/ current 
characteristics. 


DRAWN-TO-SOURCE VOLTABE {Ypg}—¥ 
15 -10 <5 i) 
ry 





: ry 3 
OUTPUT HIGH (SOURCE) CURRENT(L On~ mh 


vec y-zenzier 


Fig. 7 — Minimum output high (source) current 


characteristics, 


& 
ps 
% 
£ 
z 
s« 
i 
:* 
8 
§ 2 





LOAD CAPACITANCE (C, }— pF 
szcs-25099 


Fig. 10 — Clock-to-parallel output propegation 
delay vs C;. 
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CD4094B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 


Vo VIN {V 


wav | wr | 85 [40 | 08 [125 [win | Te. | 









LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Vatues at —40, +25, +85 Apply to E Package 









CHARACTER. 
ISTIC 








Quiescent Device 
Current, 
Ipp Max. 





pA 


° 
8 


: 


“= 
| 


rn] = 
o1o 
g wW 

f=] 
of ao 
Nn 











Output Low 


(Sink) Current Pts 
lou Mi [a2 | 


Output High 
{Source} 
Current, 

10H Min. 





| 
N 
a 


Output Voltage: 
Low-Level, 
Voi Max. 





Output Voltage: 
High-Level, 
VOH Min. 





N 

wn 
t 
° 
a 
> 

i 

_ 

w 

i 

wo 

iN) 
3 

oe | 









Input Low 
Voltage, 
Vit. Max. 


input High 
Voltage, 
Vin Min. 





w 
o 
+ 







a 


input Current 
lin Max. 


+ 


|_10 | 
CEE A A A 
o 5 


fore a 
at fon] aa fae fan foes a 
DIGITALLY CONTROLLED 
EQUIPMENT 


Leakage Current 
lguT Max. 


























JDIGITALLY CONTROLLED 
EQUIPMENT 


DIGITALLY CONTROLLED 
EQUIPMENT 
(REQUIRES CONTINUOUS 
DIGITAL CONTROL) 










040948 





040948 









STROBE CLOCK STROBE CLOCK 





STROBE CLOCK 











CONTROL 
a 


SYNC 
CIRCUITRY 


9205: 25645 





DATA CLOCK 
FROM REMOTE 
CONTROL PANEL 


Fig. 14 — Remote control holding register. 








PROPAGATION DELAY TIME (tpi fp yl— m0 











LOAD CAPACITANCE IC, }— oF 


s2cs- 25636 
Fig. 11 — Strobe-to-paratlel output propagation 
delay vs C,. 


MT TEMPERATURE (Tg ]¢Z5°C: 











PROPAGATION DELAY TIME {toys tpi y tons 1 


LOAD CAPACITANCE (C.)~ pF 


9268-29637 
Fig. 12 - Qutput enable-to-paralle! output propa- 
gation delay vs Cy. 


TRANSITION THE OTH. tyLWI— 78 





40 
LOAD CAPACITANCE {C,}—pF 
ares pase 


Fig. 13 -- Typical transition time vs. load capacitance. 





AMBIENT TEMPERATURE (T, } 925°C 
LOAD CAPACITANCE (C, )* 50 oF 





15) 







































































MAXIMUM CLOCK FREQUENCY {f¢, MAX)— MHz 
+ 









































10 1s 20 
SUPPLY VOLTAGE (¥np)—¥ 
e2Cs-2463eR1 
Fig. 1§ ~ Typical maximum-clock- frequency vs. 


supply voltage. 








DYNAMIC ELECTRICAL CHARACTERISTICS 
At TA=25°C; Input ty, t¢ = 20ns, Cy = 50 pF, Ry = 200kQ. 


CHARACTERISTIC 








Propagation Delay Time, 
tPHL. tPLH 


Clock to Serial Output Og 





Clock to Serial Output Og 





Clock to Parallel Output 





Strobe to Parallel Output 





Output Enable to Paraliel 
Output: 
tpHz: tz 


tpLz. tPZ 


Minimum Strobe Pulse 
Width, tw 


Minimum Clock Pulse 
Width, tw 





Minimum Data Setup 
Time, ts 





Transition Time; 
tTHL. tTLH 





Maximum Clock Input Rise 
or Fall Time, t-CL, teCL 








Maximum Clock tnput 
Frequency, fc. 








input Capacitance Cin 
{Any Input) 








The photographs and dimensions of each CMOS chip 
tepresent a chip when it is part of the wafer. When the 
water is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominai 
dimensions shown. The user shouts consider a tolerance 
of —3 mils to +16 mits applicable to the nominal 
dimensions shown. 


Dimensions in parentheses are in millimeters and are: 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mits (10~° inch]. 





CD4094B Types 


AMBIENT TEMPERATURE (T, )=25°C 

ALTERNATING O ANO | PATTERN 
TPUT ENABLE HIGH 

STROBE HIGH EVERY 8 CLOCK PULSES 




















INPUT CLOCK FREQUENCY (f,) aH 9205-58398 


Fig. 16 — Dynamic power dissipation vs 
input clock frequency. 





B2CS- 27AQI AL 
Fig. 17 — Quiescent device current 
test circuit. 
Yoo 
iNPUTS OUTPUTS 
Yun 
No 4 
° — 
Yin 
WOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
92C$-27441R1 


Fig. 18 — Input voltage test circuit. 


Yoo woe 

Ose MEASURE INPUTS 

° SEQUENTIALLY, 

ss 10 BOTH Von AND vgs, 
CONWECT ALL UNUSED 
PUTS TD EITHER 
Yoo OF Yss 


ss 


va 
(Uh 
IE 


ae 





4-10 
{0102-0 254) 











96-104 
{2.438-2.642) 32CM- 35098 


Dimensions and Pad Layout for CD40948 Chip. 
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CD4095B, CD4096B Types 


CMOS Gated J-K 
Master-Slave Flip-Flops 


With Set-Reset Capability 
High-Voltage Types (20-Volt Rating) 


C04095B Non-Inverting J and K Inputs 


CD4096B Inverting and Non-Inverting J and K Inputs oar. 
; 92c$ abana. : 

The RCA-CD4095B and CD4096B are J-K e ystoes 

Master-Slave Flip-Flops featuring separate Play ab ca rate (typ.) at Vpp — Vss = 10V 


2 

AND gating of multiple J and K inputs. The ® 100% tested for quiescent current at 20 V 

gated J-K inputs control transfer of informa: © Maximum input current of 1 A at 18 V over full package- 
tion into the master section during clocked temperature range; 100 nA at 18 V and 25°C 

operation. Information on the J-K inputs is & Noise margin over full package-temperature 

transferred to the Q and Q outputs on the range: 1Vat Vop= 5 V,2V at VoD = 


ng: OV, 2: = 
positive edge of the clock pulse. SET and . Ligh Calcd + ase ratings 


CD4095B 
Functional Diagram 








RESET inputs (active high) are provided for ® Standardized, symmetrical output TRUTH TABLES 
asynchronous operation. characteristics ee SYNCHRONOUS OPERATION (S<0 R=0) 
The CD4095B and CD4096B types are sup- = Meets all requirements of JEDEC Tentative Inputs Before Outputs After 
plied in 14-lead hermetic dual-in-line cer- Standard No. 13A, “Standard Specifications Positive Clock Positive Clock 

; for Description of ‘B’ Series CMOS Devices x oe 
amic packages (D and F suffixes), 14-lead per Transition Transition 
dual-in-tine plastic package (E suffix), 14- Applications: 
lead ceramic flat package (K suffix), andin = Registers © Counters ® Controf circuits 


chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Von) 
(Voltages referenced to Vgg Terminal) 











* 
INPUT VOLTAGE RANGE, ALL INPUTS .. . For CD4095B For CD4096B 
DC INPUT CURRENT, ANY ONE INPUT ......00.000. cece cence eee ee ee ee ence eee ne rene en en eres +10 mA J=J1-J2°J3 Ja Jt J2° 33 
POWER DISSIPATION PER PACKAGE (Pp): K=K1°K2°K3 K=K1°K2°K3 
For Ta = ~40 to #60°C (PACKAGE TYPE E) 2.0.0 ee sseeesseeeesestteesstetnersessestnsecess 500 mW ASYNCHRONOUS OPERATION 
For Ta = +60 to +85°C (PACKAGE TYPE E) .........5. > 
For 1, = -55 to +100°C (PACKAGE TYPES D, F, K) (J and K - DON'T CARE) 
For Ta = +100 to +125°C (PACKAGE TYPES D,F.K) «. 6.00000 Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Tq = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) -.....--6--s2seeeeeee: 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F,K,H voce. cccceeeee ec eceeer nee eeeecceeaseeeeeeeeenenenenenees -55 to +125°C 
PACKAGE TYPE E tet -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tgtg) --.000000cceeeeeeeeeeecseeseneste eens aeeene es -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. .....---. eee e eee e eee +265°C 








[AMBIENT TEMPERATURE (Ta}- 25°C; 
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Fig, 1 — CD4096B Functional Diagram. Fig,2 — Typical output low {sink} Fig.3 — Minimum output low {sink} 

current characteristics. current characteristics. 
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RECOMMENDED OPERATING CONDITIONS at T, = 25° C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 





CHARACTERISTIC 


Supply-Voltage Range (For T, = Full 
Package- Temperature Range) 





Data Setup Time, tg 


Clock Pulse Width, tw 








Clock Input Frequency, fo, 


Clock Rise and Fall Time, t,-CL, t,CL: 


Set or Reset Pulse Width, tw 


LIMITS AT INDICATED TEMPERATURES (°C) 
Vahies at -55, +25, +125 Apply to D, F, K, H Packages 


CHARACTER. Values at —40, +25, +85 Apply to E Package 


(sTic 


Quiescent Device 
Current, 
Ipp Max. 


Output Low 
{Sink} Current 
lor Min. 


Output High 
(Source) 
Current, 


1oH Min. 


Output Voltage: 
Low-Level, 
VoL Max. 








Output Voltage: 
High-Level, 
VOH Min. 





Input Low 
Voltage, 
Vit Max. 








Input High 
Voltage, 
Vit Min. 


Input Current 
lin Max. 








CD4095B, CD4096B Types 


DRAIN- TO-SOURCE VOLTAGE (Vpsi—V 
=15 =10 -5 ° 
AMBIENT TEMPERATURE (Ta)=25°C HIRES HT Te 
pene ePR EAT T Renee Re ees neaes S2tere ty 
GATE-TO-SOURCE VOLTAGE (vgs) -5V. t 
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Fig.4 — Typical output high {source} 
current characteristics. 


ORAIN-TO-SOURCE VOLTAGE (Vpgi—V 
-15 0 


AMBIENT TEMPERATURE (Y,)+25°C 








HIGH (SOURCE) CURRENT IL oH) ~ mA 
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ouTPuT 
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9208-24 sz-ne 


Fig.5 — Minimum output high (source} 
current characteristics, 


AMBIENT TEMPERATURE (Ta)* 25°C 
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Fig.6 — Typical propagation delay time vs. 
load capacitance. 


TRANSITION TIME (TH «tty py) —n0 








LOAD CAPACITANCE (C,}: 


9205-24322 


Fig.7 — Typical transition time vs, 
load capacitance. 
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CD4095B, CD4096B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C; Input t,, ty = 20 ns, 
C= 50 pF, Ry = 200 KQ 


CHARACTERISTIC 


Propagation Delay Time: tpy_. tpLH 
Clock 





Set or Reset 








Transition Time, trHi, tTLH 





Maximum Clock input Frequency, (f¢,) * 





Minimum Clock Pulse Width, tw 





Clock Input Rise or Fall Time, 
tret- tref 








FoR co40938 v3(¢)*——_ 


FOR CO40968 sod >” 


FoR 040958 K3G)>-——. 


FOR cO4096B aot > 
RESET, f 
ci: TRANSMISSION GATE i 
cock 5 im t 
*. a 
2 


PUT TO OUTPUT IS 
0] A BIDIRECTIONAL LOW IMPEOANCE 
WHEN CONTROL INPUT IS “LOW” 
AND CONTROL INPUT 2 IS “MIGH™ 
DIAN OPEN CIRCUIT WHEN CONTROL 
INPUT (1S "HIGH "AND CONTROL INPUT 
245 “Low” 





“aut INPUTS PROTECTED BY 
STANDARD COS /MOS 
PROTECTION NETWORK 


Fig.11 — CD4095B and CD40968 fogic diagram. 
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CLOCK FREQUENCY (fou) — MHz 
o a 
= 
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5 10 [- 20 
SUPPLY VOLTAGE (Vpp)— Vv 


9208- 26392R) 
Fig.8 — Typical clock frequency vs. supply 
voltage (toggle mode—see Fig. 16). 























108 [AMBIENT TEMPERATURE (Ta}+ 25°C: 
2 JUL 
jg 102 MAXINOM PACKAGE DISSIPATION 200 
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& 4 ie ae) zl 
3B 2 Ht gS 
10%. Se < 
iG Opti 5 
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a SPs 
© 102 
% abe “J——— LOAD CAPACITANCE (CL )*S0 pF 
z &£ of mm CL 815 pF 
& 10 = =: 
are tit T- a ae 
Ee pa Eee fy Gib Lae ie Ee 





2.46 2°46 4 2 46 452 46g 2 46 
© ®' Ww 10 10° 

INPUT CLOCK FREQUENCY (f¢_}~— kHz 
9208-26393 


Fig. 9 — Typical power dissipation vs. 
input clock frequency. 






JOR K ae 
GATE INFUTS 


97h 20396 


Fig.10 — Propagation delay, transition, and 
setup-time waveforms, 





a2cs 24399 


Fig.12 — Clock pulse rise and fall time 
waveforms. 
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Vss 


Vsg 
22C$- 27401 RE 


Fig.13 — Quiescent device current test 
circuit. 
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Voo Yoo 
INPUTS. OUTPUTS INPUTS 
v Yoo NOTE 
He! MEASURE INPUTS 
Soe + ° (x) SEQUENTIALLY. 
ve = Vss TO BOTH Voy AND Vgs 
It = CONNECT ALL UNUSED 
INPUTS TO EITHER 
NOTE: Yoo OF Ys 
Vss TEST ANY COMBINATION Vss 
OF INPUTS 
azcs 2raoe 
9205-2 744:1RL 
Yss 
4PCS 2404 0R1 
Fig.14 ~ Input voltage test circuit. Fig.15 — Input leakage current test 
circuit. 
Fig. 16 ~ CD4095B connected in toggle 
mode. 
CLOCK 
WNPUT 
ss 
SECS PAZ4ING 
Fig.17 - CD4096B connected as aD” stave oo} » | 2} abe] s} eo) r}Jajafto)s Sietonras acai 
type flip-flop. crock o 9 0 0 oO 
1 1 09 0 6 
2 o 1 0 0 
a 3 ry 1 0 0 
S88 1 Gg NOTE PINS 2m 13 RESET & 
ee phe a aerate we SET, GO TO Vg ON 
? 1 1410 ALL UNITS 
a is J l @ 0 0 0 1 
s ' @ 0 f 
er ane ARR) DEN 
920M- 2e20 TR: 
Fig. 18 — Synchronous binary divide-by-ten counter, 
DIMENSIONS AND PAD LAYOUT FOR CD40958 AND CD4096B 
TERMINAL ASSIGNMENTS 


v4 
10 20 30 40 50 60 al 
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| oe : 


J 
62-70 US 
(575 — 1.778) 















Gio a pani fT (878778) ToP view 
| il IK ci 1) 








NC=NO CONNECTION 92¢5 24426 


















































CD4095B 





ene 2 





















| Frnt ] Le 4-10 VU 
0. 102 - ol eee (0.102 - 0.254) NC 1® 14 F— von 
tts ee ee 7I-79 RESET 2 13 -— SET 
(1.803 — Hy 007) 9205-32212 (1.803 ~ 2.007) JI—43 12 CLOCK 
92CS-32213 va—fa " Fx: 
B45 10 p—k2 
CD4095BH CD4096BH ae oh KS 
The photographs and dimensions of each CMOS chip Ys5 [7 B—9@ 
represent a chip when it is part of the wafer. When the Dimensions in parentheses are in millimeters and are 
wafer is separated into individual chips, the angie of derived from the basic inch dimensions as indicated. eee 


cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal | 
dimensions shown. The user should consider a tolerance CD4096B i 
of —3 mils to +16 mils applicable to the nominal . 
dimensions shown. 


e : " Ve 7 NC = NO CONNECTION 9205 zaary 
Grid graduations are in mils (10-3 inch). 
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CD4098B Types 


CMOS Dual Monostable 


Multivibrator 
High-Voltage Types (20-Volt Rating) 


The RCA-CD4098B dual monostable multi- 
vibrator provides stable retriggerable/reset- 
table one-shot operation for any fixed-volt- 
age timing application. 


An external resistor (Rx) and an external 
capacitor (Cx) control the timing for the 
circuit. Adjustment of Rx and Cx provides 
a wide range of output pulse widths from the 
Q and QO terminals. The time delay from 
trigger input to output transition (trigger 
propagation delay) and the time delay from 
reset input to output transition (reset pro- 
pagation delay) are independent of Rx and 
Cx. 

Leading-edge-triggering (+TR) and trailing- 
edge-triggering (~TR) inputs are provided 
for triggering from either edge of an input 
pulse. An unused +TR input should be tied 
to Vss. An unused —TR input should be tied 
to Vpp. A RESET (on low level) is provided 
for immediate termination of the output 
pulse or to prevent output pulses when power 
is turned on. An unused RESET input should 
be tied to Vpp. However, if an entire section 
of the CD4098B is not used, its RESET 
should be tied to Vsg. See Table |. 


In normal operation the circuit triggers {ex- 
tends the output pulse one period) on the 
application of each new trigger pulse. For 
operation in the non-retriggerable mode, G is 
connected to —TR when leading-edge trig- 
gering (+TR) is used or OQ is connected to +TR 
when trailing-edge triggering (—TR) is used. 


The time period (T) for this muitivibrator can 
be approximated by: Tx=%RxXCx for Cx 
0.01 uF. Time periods as a function of Rx 
for values of Cx and Vpp are given in Fig. 8. 
Values of T vary from unit to unit and as a 
function of voltage, temperature, and RxCx. 


The minimum value of external resistance, 
Ry, is 5 kQ. The maximum value of external 
capacitance, Cx, is 100 uF. Fig. 9 shows time 
periods as a function of Cx for values of RX 
and Vpp. 


The output pulse width has variations of 
+2.5% typically, over the temperature range 
of —55°C to 125°C for Cx=1000 pF and 
Rx=100 kQ. 


For power supply variations of +5%, the out- 
put pulse width has variations of +0.5% 
typically, for Vpp=10 V and 15 V and +1% 
typically, for Vop=5 V at Cx=1000 pF and 
Rx=5 kQ 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


The CD4098B is similar to type MC14528. 


Features: 
® Retriggerable/resettable capability 
® Trigger and reset propagation delays 
independent of Rx, Cx 
Triggering from teading or trailing edge 
Q and OQ buffered outputs available 
Separate resets 
Wide range of output-pulse widths 
100% tested for maximum quiescent 
current at 20 V 
®@ Maximum input current of 1 uA at 
18 V over full package-temperature 
range; 100 nA at 18 V and 25°C 
= Noise margin (full package-temperature 
range): 1V at Vpp= 5V 
2Vat Vpp=10 Vv 
2.5 V at Vpp=15 V 
= 5.-V, 10-V, and 15-V parametric ratings 
® Standardized, symmetrical output 
characteristics 
®@ Meets all requirements of JEDEC 
Tentative Standard No. 13A, “Stand- 
ard Specifications for Description of ‘B’ 
Series CMOS Devices.” 


Applications: 
@ Pulse delay and timing 
@ Pulse shaping 
® Astable multivibrator 


MAXIMUM RATINGS, Absolute-Maximum Values: 


OC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voitages referenced to Vgg Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS . 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pp) 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C [PACKAGE TYPE E) 


For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 
For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


g2cg- 24253 


cp40988 
Functional Diagram 





RESET (1) 
+TR (bh) 
TRU) 

QI 
oT 
Vss 


RESET (2) 
+TR (2) 
- TR (2) 
a2 

ae 


e Caune 
NAVD ry 





TOP VIEW 


TERMINALS 1,8,15 ARE 
ELECTRICALLY CONNECTEO 
INTERNALLY 

92CS-24648RI 


TERMINAL ASSIGNMENT 


‘ 0.5 to +20 V 
-0.5 to Vop +0.5 V 
2 Os +10 mA 


: 500 mW 
Derate Linearly at 112 mw/°C to 200 mw 
. 500 mW 
De rate Linearty at 112 mW/°C to 200 mW 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE [All Package Types) oo. . ae, 100 mW 


OPERATING. TEMPERATURE RANGE wea 
PACKAGE TYPES D, F, K,H 


55 ta #1269C 


PACKAGE TYPE E x 40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstyh 65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max Se bs : +265°C 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 





Full Package- Temperature 
Range) 





Reset Pulse Width tyy(R} 
(This is a function of Cy) 






Trigger Rise or Fall Time 
tp(TR), tg(TR) 


UNITS 
Pawn. [ Max, 


CHARACTERISTIC 


Supply-Voltage Range (For Ta = 


i‘ 
Trigger Pulse Width ty(TR} 
15 















Dynamic Char. 
Chart and 
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TABLE} 


CD4098B FUNCTIONAL TERMINAL CONNECTIONS 


Vpp TO 


FUNCTION TERM. NO. 


Leading-Edge 
Trigger/ 
Retriggerable 

Leading-Edge 
Trigger/ 


Non-retriggerable 


Traiting-Edge 
Trigger/ 
Retriggerable 


Traiting-Edge 


Trigger/ 
Non-retriggerable 


NOTES: 


1. A RETRIGGERABLE ONE-SHOT MULTI- 
VIBRATOR HAS AN OUTPUT PULSE 
WIOTH WHICH IS EXTENDED ONE FULL 
TIME PERIOD (Ty) AFTER APPLICATION 
OF THE LAST TRIGGER PULSE. 

The minimum time between 
retriggering edges (or trigger 
and retrigger edges) is 40 
per cent of (Ty). 


* 
31133 O— 





2. ANON-RETRIGGERABLE ONE-SHOT 
MULTIVIBRATOR HAS A TIME PERIOD 
Ty REFERENCED FROM THE APPLI- 
CATION OF THE FIRST TRIGGER PULSE. 


JUL 


hx 


aS 
<1,» 


INPUT PULSE TRAIN 


RETRIGGERABLE MODE PULSE WIDTH 
{+TR MODE} 


NON-RETAIGGERABLE MODE PULSE 
WIOTH 
{+TR MODE? 











RESET 














Yop 








Q 
———O 6 (10) 


;:] 
On9) 





NOTE SCHEMATIC SHOWN IS 1/2 OF TOTAL 
PACKAGE. TWO SETS OF TERMINAL 
NUMBERS ARE SHOWN. TERMINALS 
10,19 ARE ELECTRICALLY CONNECTED 
INTERNALLY. 


* au INPUTS ARE 
PROTECTED BY 
COS/MOS PROTEC TION 
NETWORK 


920m -27528R1 Yes 


Fig. 4 — CD40988 logic diagram. 
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AMBIENT TEMPERATURE [Ta}* 28 °C: 
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Fig. 1 — Typical output tow {sink} 
current characteristics. 
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ORAIN-TO-SOURCE VOLTAGE (Vps)—V 
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Fig. 2 — Minimum output low (sink) 
currant characteristics. 
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s2cs- 2esz0R5 
Fig. 3 — Typical output high (source) 
current characteristics. 
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Fig. 5 — Minimum output high (source) 
current characteristics. 
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CD4098B Types 


STATIC ELECTRICAL CHARACTERISTICS 






LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H, pkgs. 
Values at -40,+25,+85 Apply to E Pkgs. 






















CHARAC- 
TERISTIC 
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Quiescent 
Device 
Current 

loo Max. 


Poon 


2 
me 
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Output Low 
(Sink) 
Current, 
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o nN 
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ay 
° 




















lo. Min. 0,15 42 
Output High | 0,5 | ~0.64 
(Source) | 0.5 | 2 
Current, 0,10 | -1.6 | 
!OH Min. 0,15 


Output Volt- 
age: 
Low-Level, 
Vor Max. 

Output Volt- 
age: 

High-Level, 

VoH Min. 
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Input Low 
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Fig. 9 — Typical external capacitance vs. 
pulse width. 


Fig. 8 — Typical external resistance vs. 
pulse width. 
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Fig. 6 — Typical propagation delay time vs. 
load capacitance, trigger into Q 
out, (All values of Cy and Ry.) 
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Fig. 7 — Transition time vs. load capacitance 
for Ry # 5 k& 10000 kQ and 
Cy ='18 pF-10000 pF. 





i AMBIENT TEMPERATURE (Ta )®25°C 
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92CS- 20738 


Fig. 10 — Typical minimum reset pulse width 
vs. external capacitance. 














DYNAMIC ELECTRICAL CHARACTERISTICS 
At Ta = 25°C; Input t,,t7=20 ns, C,=50 pF, R,=200 kQ 


CaaRACTERISHE TEST CONDITIONS LIMITS UNITS 
Fx WO) [x 6F) [¥po W)| Tye. | Mex | 
Trigger Propagation Delay Time 


o 510 250 ; 500 
+TR, -TR to 0,0 10.000 15 125 | 250 
j 100 | 200 
70 {| 140 
5 to 
215 30 60 
| 20 se | = | 
200 














TPHL: TPLH 
Minimum Trigger Pulse Width, 









TWH tWL 
Transition Time, 
tTLH 







Reset Propagation Delay Time, 






TeHL: TPLH 







Minimum Reset Pulse Width, 
tyR 












Trigger Rise or Falt Time 

t,(TR), te(TR) 
Pulse Width Match 
Between Circuits in 
Same Package 


Input Capacitance, Cypy 







5 5 10 
10,000 10 75 15 
15 75 15 








Ot] AMBIENT TEMPERATURE (1, be2S*C 
S| Rx*SKa To (Ma = 


POR 100% 


ISSIP ATION 
100) — » © 
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To colcutate overage power ditsipation (>) 
for tons than 100% duty cyete; 





fine on graph) 














0 “102 


104 108 
ONE - SHOT PULSE WIOTH Cra) ne 


Fig. 11 ~ Average power dissipation vs. one-shot pulse width. 


109 © sverage power for 100% duty cycle 
(GF) Peo where Tm © On0- thot pine width 
Py» trigger pubs period 
8 For tm * 800 u8, 17 © 1000 us, Cy = 0.08 uF, 
Yoo *5V 


1° = (322 )109 sw « 900 uw (aan dered 


CD4098B Types 


TEST CIRCUITS 





Vs Wee Pav 


Fig. 12 - Quiescent-device-current 


test circuits, 
Yoo [ 
weuTts QurpuTs 
vin 
oe + 
° 
Veu ° 
‘ vss 
NOTE: - 
TEST ANY COMBINATION SPPACR SALE 
OF INPUTS 


Fig. 13 — Input-voltage test circuit. 


Yoo 


wPuys 
NOTE 
MEASURE INPUTS 
° SEQUENTIALLY, 
Vsg TO GOTH Vpn AMO Veg 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


¥00 OR Vgg 
92c8 77402 Vsg 


Fig. 14 — Input leakage current test circuit. 
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CD4098B Types 


APPLICATIONS 





OUTPUT 


INPUT PULSE 1 TARY Cx 
z 
OUTPUT PULSE af 2 Ta™ Rye Cx2 
oe 
Cy 20.01 pF 


92CS-24256R2 


Fig. 15 — Pulse delay. 
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Ys5 —? suppLy © 
RESET reser * 10 Mo 
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‘oo 
Fig. 16 — Astable multivibrator with restart after reset capability. 
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Dimensions and Pad Layout for CD4098BH 

The photographs and dimensions of each CMOS chip 
Dimensions in parentheses are in millimeters and ha bay & chip when it is part oe water. When the 
+ er y : wafer is separated into individual chips, the angle of 
idl derived from ine basic inch ne hed cleavage may vary with respect to the chip face for 
indicated. Grid graduations are in mits (10—~ inch). different chips. The actua! dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 

dimensions shown. 
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CMOS 


8-Bit Addressable Latch 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4099B 8-bit addressable latch 
is a serial-input, parallel-output storage regis- 
ter that can perform a variety of functions. 


Data are inputted to a particular bit in the 
latch when that bit is addressed (by means 
of inputs AO, A1, A2) and when WRITE 
DISABLE is at a low level. When WRITE 
DISABLE is high, data entry is inhibited; 
however, all 8 outputs can be continuously 
read independent of WRITE DISABLE and 
address inputs. 


A master RESET input is available, which 
resets all bits to a logic “O” level when RESET 
and WRITE DISABLE are at a high level. 
When RESET is at a high tevel, and WRITE 
DISABLE is at a low Jevel, the latch acts as 
a 1-of-8 demultiplexer; the bit that is ad- 
dressed has an active output which follows 
the data input, while all unaddressed bits 
are held to a logic “O” level. 

The CD4099B types are supplied in 16-lead 
hermetic ceramic dual-in-line packages (D 
and F suffixes), 16-lead plastic dual-in-line 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


4 
WRITE O {> >: 
DISABLE wo 


* ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


vss 


Fig. 1 — Logic diagram of CD40998 and detail of 1 of 8 latches. 





CD4099B Types 


WRITE DISABLE 


Features: 

Serial data input 8 Active parallel output 
Storage register capability = Master clear 
Can function as demultiplexer 

Standardized, symmetrical output characteristics 
100% tested for quiescent current at 20 V 
Maximum input current of 1 vA at 18 V 

(full package-temperature range), 100 nA 

at 18 V and 25°C 


® Noise margin (full package-temperature 
range) = 1 Vat Vop =5 V,2 Vat Vpp 
= 10 V, 2.5 V at Vpp = 15 V 

= 5-V, 10-V, and 15-V parametric ratings 

® Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


a 
i 
A 
T 
c 
4 
€ 
s 


Functional Diagram 





Applications: 
# Multiline decoders 
8 A/D converters 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) ‘ -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . ~0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT s +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40 to +60°C (PACKAGE TYPE E) 500 mW 


For Ta = +60 to +85°C (PACKAGE TYPE E) . . . . . Derate Linearly at 12 mW/°C to 200 mw 

For Ta = ~55 to +100°C (PACKAGE TYPES D,F,K) 26 6 ee ee 500 mw 

For Ty = +100 to +125°C (PACKAGE TYPES D,F,K).... . 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (Al! Package Types) 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D) FRM goscg Sones ee eae Ye ee ee ew -55 to +125°C 

PACKAGE VYPEE 6° Go pcr She ae Fe ae ce ere ee a es yg ae -40 to +85°C 


STORAGE TEMPERATURE RANGE (Tig) —65 to +150°C 


LEAD TEMPERATURE (DURING SOLDERING): 


Ar distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max. +265°C 


07 Voo 
RESET 06 
DATA 0s 

wr 

oSABLE a 
a0. @3 
al a2 
az a 
vss ao 


TOP VIEW  gacs-2za426 
TERMINAL ASSIGNMENT 





AMBIENT TEMPERATURE (Ta)= 25°C 
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OUTPUT LOW (SINK) CURRENT {Igy —mA 
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° s 10 & 
DRAIN~TO-SOURCE VOLTAGE (Vps)—V 


Fig. 2 — Typical output tow {sink} 
eurrent characteristics. 


92CM-2767R1 
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CD4099B Types 


RECOMMENDED OPERATING CONDITIONS at 7, = 25° C (Unless otherwise specified) 
For maximum reliability, nominal operating conditions should be selected so that operation 


is always within the following ranges. 


Supply Voltage Range: 
(At Ta = Full Package 
Temperature Range) 


Minimum Pulse Width, ty 


Data 


Address 


Setup Time, tg 
Data to WRITE DISABLE 


Hoid Time, ty 
Data to WRITE DISABLE 


LIMITS 


-— {Ny 
a1SiR |S 


bp! 
a 





* Circled numbers refer to times indicated on master timing diagram. 


Note: In addition to the above characteristics, a WRITE DISABLE ON time (the time that WRITE 
DISABLE is at a high level) must be observed during an address change for the total time that the 
external address lines AO, A1, and A2 are settling to a stable level, to prevent a wrong cell from 


being addressed (see Fig. 3). 





Oar X 
osc} 
Est c04047 osc 
c R R-C 
oO ©) 


+; | cH 
Ske 


{| HYCOMP HC2IOSLO-2R 
OR EQUIVALENT 


ANALOG 
in 





OOOO 


cuock «©4520 , 
QiA O24 Q3A 


LADDER NETwork f 
GOVE” 


Fig. 5 — A/D converter szcu-27681 













MODE SELECTION 


ADDRESSED | UNADDRESSED 
LATCH LATCH 


Follows Data | Holds Previous 
WD = WRITE DISABLE R = RESET 











State 
Follows Data | Reset to “0” 
(Active High 8-Channel Demulti- 
plexer) 
Holds Previous State 
Reset to “0” | Reset to “0” 








ao 
At 
A2 
wo 


92CS-27676 


Fig. 3 — Definition of WRITE DISABLE ON time. 





















































AMBIENT TEMPERATURE (Tq)=25°C 
tH t H 

t t 
' tt 
3 19 H 
er 3 -GATE - TO=SOURCE VOLTAGE (Vgg)eI5 V 
5 19 + 
ra 
A 75) iON 
z= Hy 
o 
48 
. 
5 
a 
5 25 $v. 
°o 

Co) 


Ca 5% 
ORAIN~-TO-SOURCE VOLTAGE (Vps}—V 
s2cs-2e3iom 
Fig. 4 — Minimum output low (sink) 
current characteristics. 
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Fig. 6 — Typical output high {source} 
current characteristics, 
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STATIC ELECTRICAL CHARACTERISTICS | 





CHARACTER- 


ISTIC Vo 


Quiescent Device 
Current, 
'DD Max. 


Output Low 
(Sink} Current 
1oL Min. 


Output High 
(Source) 
Current, 

10H Min. 


Output Voltage: 
Low-Level, 
VOL Max. 


Output Voltage: 
High-Level, 
VOH Min. 


Input Low 
Voltage, 
Vit Max. 


Input High 
Voltage, 
Vio Min. 


i 


CN ENE ant 
yo Bi 
sill 


et 
i 





° 
| _4-t0 
(©102-0.254) 94-192 


(2.388- 2.591) 


92CmM- 35095 


CD4099BH 
DIMENSIONS AND PAD LAYOUT 


Dimensions in parentheses are in miffimeters and 
are derived from the basic inch dimensions as 
indicated. Grid graduations are in mils (1073 inch). 





LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Value? at —55, +25, +125 Apply to D.F,K,H Packages 
Values at —40, +25, +85 Apply to E Package 


Se ee 


Le ee 


i+ 
° 
= 


Hae 
ees) 


TRANSITION TIME (tr PTL) — Ae 


82-90 
(2.083-2.286) 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the water. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicabie to the nominal 
dimensions shown. 


CD4099B Types 


-18 
NY TEMPERATURE (Ta)e25°C 
-TO-SOURCE VOLTAGE (Wgg)> - 



















OUTPUT HIGM (SOURCE? CURRENTIL oH}— mA 


Hn 
i 
92¢8- 2432002 
Fig.7 ~ Minimum output high (source) 
current characteristics. 


% 9% 6 70 8 90 Wo 
LOAD CAPACITANCE (CL)—-0F 
92CS- 27679 
Fig. 8 — Typical propagation delay time 
(data to Qn) vs. load capacitance. 





ee a ee) 
LOAD CAPACITANCE (CL )— pF 
ores-2eyz2 


Fig. 9 — Typical transition time vs. load 




















Capacitance. 

$| AMBIENT TEMPERATURE (Tg }* 25°C T 

aj ————toaD CAPACITANCE {Cy )*)5 pF 
a CL +50 pF 4 
ine 
IP 3 
_ + 
a 
ie + 
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t+ at ve Hate 

' 2 3 

ADDRESS CYCLE TIME—s 

9205-27680 


Fig.10 — Typical dynamic power dissipation vs. 
address cycle time. 
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CD4099B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 25° C, Cy = 50 pF, 
Input t,, te = 20ns, Ry = 200 KQ 





LIMITS 


CONDITIONS | aii PACKAGE TYPES 


CHARACTERISTIC SEE Vop 


FIG.15* 
Pp, i ; 
ropagation Delay: tPLH. 


tra. | G) 






















































UNITS 
































Minimum Hold 











Time, ty 
Data to WRITE DISABLE 15 25 | 50 | 
Input Capacitance, Cin Any Input 5 7.5 


Data to Output, 92CS- 27e01RI Ves 
Fig. 11 — Quiescent device current 
WRITE DISABLE test circuit. 
to Output, ip y, Q) ; 
oo 
PHL 
—— INPUTS OUTPUTS 
Vv, 
Reset to Output, @) a + 
‘PHL vit fy 
Address to Output, 5 NOTE: 
wun | @ ‘s  aranngoemaron 
PHL : ORS 374418 
Transition Time, THL. T Fig. 12 — Input voltage rest circuit: 
(Any Output) tThLH Yoo 
INPUTS 
= v NOTE: 
Minimum Pulse r 5 100 200 Pe MEASURE IADUTS 
Width, tyy 10 50 100 ns vos © 70 BOTH Vary AnD Vag 
Dat is [0 ® save 
Vop OF Veg: 
5 2 400 Do ee 
- 5 | 200 Vss o2es-27402 
Address 10 100 | 200 ‘| Fig. 13 — Input current test circuit, 
6 [6s 
s | 6 | iso | 
Reset 10 40 76 ns 
16 25 50 
Minimum Setup 5 50 100 
Time, ts @© [ 1 25 50 ns 
Data to WRITE DISABLE 20 35 
75 150 








L 





*Circled numbers refer to times indicated on master timing diagram. 


f t = 
A BI, Ae w ; i 
= 


WRITE DISABLE 





or - tp - 'p 


@ 


Fig. 15 — Master timing diagram. 

















92¢3- 27677 


Fig. 16 — Multiple selection decoding — 4.x 4 
crosspoint switch, 
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CMOS Strobed Hex 
inverter/Buffer 


High-Voltage Types (20-Volt Rating} 


The RCA-CD4502B consists of six inverter/ 
buffers with 3-state outputs. A logic ‘1”’ on 
the OUTPUT DISABLE input produces a 
high-impedance state in all six outputs. This 
feature permits common busing of the out- 
puts, thus simplifying system design. A 
Logic “1” on the INHIBIT input switches 
all six outputs to logic 0” if the OUTPUT 
DISABLE input is a logic ‘’O". This device 
is capable of driving two standard TTL loads, 
which is equivalent to six times the JEDEC 
“B’-series IOL standard. 


The CD4502B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-tead dual-in-line plastic 
package (E suffix), 16-lead ceramic fiat 
package (K suffix), and in chip form (H 
suffix). This device is similar to the MC 14502. 


. MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vop) 
{Voltages referenced to Vgg Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS . 

Oc INPUT CURRENT, ANY ONE !NPUT 

POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) 


CD4502B Types 


Features: 

§ 2 TTL-load output drive capability THREE-STATE 
OUTPUT 

© 3-state outputs DISABLE ~ 
INHIBIT 

= Common output-disable control Oo 


® Inhibit control 
= 100% tested for quiescent current at 20 V 
@5.V, 10-V, and 15-V parametric ratings 


® Maximum input current of 1 vA at 18 V over 
full package-temperature range; 100 nA at 
18 V and 25°C 


@ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


9acs 22921A1 























® Noise margin (full package-temperature FUNCTIONAL DIAGRAM 
range) = 
1VatVpp=5V 
2 Vat Vpp=10V AMBIENT TEMPERATURE (Ta)s 25°C" 
2.5 V at Vpop = 15 V | 
L 
Applications: 2 ‘GATE-TO-SOURCE VOLTAGE (Vgg)"I5 V 
: 
@ state hex inverter for interfacing IC's i 
with data buses 2 
® COS/MOS to TTL hex buffer z 
a wv. 
g 
f 5 Sv. 
7 —0.5 to +20 V = 
—0.5 to Vpp +0.5 V ° 3 © 5 
. +10 mA DRAIN-TO-SOURCE VOLTAGE (¥ps)—V 
: 500 mw Fig.2 — Typical output fow (sink} 
Derate Linearly at 12 mW/°C to 200 mW current characteristics. 
500 mw 


For Ta, = -55 to +100°C (PACKAGE TYPES D, F, K) | 

For Ta, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (Ali Package Types} 


Derate Linearty at 12 mW/°C to 200 mW 


100 mw 


OPERATING-TEMPERATURE RANGE Wali 
PACKAGE TYPES 0,F,K.H . 7 
PACKAGE TYPE E i 

STORAGE TEMPERATURE RANGE on , 


55 to +125°C 
—40 to +85°C 
—65 to +150°C 





LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. +265°C 


TRUTH TABLE 


(ena Se 
po ft 








3-STATE 
Out PUT 
OISABLE 


” 
inniaiT O— 









ORAIN-TO-SOURCE VOLTAGE (Vos)—¥ 
9208-29152 


Fig.3 — Minimum output low (sink) 
current characteristics. 


DRAIN-TO- SOURCE VOLTAGE (Vpg)—V 


| Logic 0 = Low - -10 -5 
— y Yoo YO Z = High Impedance AMBIENT TEMPERATURE (Ta)-25°C 
& Pans pe are X= Dontecare GATE-TO-SOURCE VOLTAGE (Vg5)=-5V: 
Optewt4 INVERTER / BUFFERS ic 1 = High 
BBL BM IETE gn = 
“NETWORK CM-29145 


Fig.1 — Logic diagram of 1 of 6 identical inverter/buffers. 
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TOP view 


92¢$-25128 


TERMINAL ASSIGNMENT 


=10V. 
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92CS- 2asz0K3 


Fig.4 — Typical output high (source) 
current characteristics. 
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CD4502B Types 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that oper: 
ation is always within the following ranges: 


LIMITS 
CHARACTERISTIC : UNITS 


DRAIN-TO-! re VOLTAGE {Vos)—V 










AMBIENT TEMPERATURE tar Foose eeage' 
SRSA ARAARAL SR 
oes SOURCE VOLTAGE (Ygg)+ -8V 


rai 











Supply-Voltage Range (For Ta = Full Package- 
Temperature Range) Vv 


STATIC ELECTRICAL CHARACTERISTICS 











LIMITS AT INDICATED TEMPERATURES (°C) 
Vatues at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 


vo] vin [Yop 
an Ea ria ee ae | oes ie ef et 


OUTPUT HIGH (SOURCE} CURRENTEL on} ma 















CONDITIONS 






CHARACTER- 


92C8- 2a 92102 


Fig.5 — Minimum output high (source} 
current characteristics. 







Quiescent Device| - | 
Current, 








Output Low 


(Sink) Current | 0.5 | 0,10] 
fou Min. [1s Tors | 15 [25.2 [24 [168 | 
Output High 105 | 5 | 
(Source) 
Current, 


OUTPUT VOLTAGE (Vg) — Vv 





~~ 
ro) 
PJ 
° 
ro) 


INPUT VOLTAGE {¥z) —V 
DaCE- 20908 


Output Voltage: 
Low-Level, 


aS (EE 
Suapat Voroe a ie 
High-Level fess [0] 





Fig.6 — Typical voltage transfer 
characteristics. 








input High 


Voltage, Sa 


Input Current +0.1 +10-5 uA 
lin Max. 
3-State Output 
Leakage Current +10—-4 | +0.4 
louT Max. 

















‘NPUT pmcuEhey ig ibe 
e2C8- 20168 





Fig.7 — Typical power dissipation as a 
function of input frequency. 


Ht 
ry 
“i00 ° 40 « 80 100 





LOAD CAPACITANCE (C\)—oF LOAD CAPACITANCE (C,)— pF 
o2Cs-20148 92c3-29149 
92C3- 29147 
Fig.8 — Typical transition time as a function Fig.9 — Typical propagation-delay time as a ; ites aoe 
of. feed capacitance. function of logd capacitence. Fig. 10 — Power-dissipation test circuit. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input ty, te = 20 ns, 


Cy = 50 pF, Ry = 200 K2. Unless otherwise specified. 






TEST CONDITIONS 





CHARACTERISTIC 


























Data or Inhibit Delay Times: 
High to Low, tpye 


Low to High, tpr ty 


Disable Delay Times: RL=1 KN 
Output High to High 
Impedance, tpHZ 





High-I mpedance to Output 
High, tPZH 
Output Low to High 
impedance, tp,.Z 


High {mpedance to Output 
Low, tPZ2L 






Transition Times: 
Low to High, trLy 


High to Low, try. 


PULSE 
GENERATOR 


—Vss 
t 
Frivzn 92cm-24099R2 


Fig. 14 — Disable detay times test circuit and waveforms. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as 
indicated. Grid graduations are in mils (10-3 inch.} 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
water is separated into individual chips, the angie of 
cleavage mey vary with respect to the chip face for 
dilterent chips. The actual dimensions of the isolated 
chip, therefore, may ditfer slightly trom the nominat 
dimensions shown. The user should considera tolerance 
of -3 mila to +18 mils applicable to the nominal 
dimensions shown. 


VT: 
ners UNITS 
wP| ree | mx | 





CD4502B Types 


Yoo 





Vss 
secs: 274018) 


Fig. 11 — Quiescent-device-current 


test circuit, 
Yoo 
4 
INPUTS ouTPuTs 
vin 
ed $ 
° 4 
Yiu 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
9203-2 744iR1 


Fig. 12 — Input-voltage test circuit. 


Yoo 


INPUTS 

NOTE: 

MEASURE INPUTS 

SEQUENTIALLY, 

Vsg TO BOTH Vpp ANO Vgq: 
CONNECT ALL UNUSED 
INPUTS To EITHER 


Vp OF Vsg: 
Vss 


92cs- 274028 


Fig. 13 — input leakage current test circuit. 
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Dimensions and Pad Layout for CO45028H 
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CD4503B Types 
CMOS Hex Buffer 
Features: 


High-Voltage Types (20-Volt Rating) » 1 TTLdoad output drive capability 


3-State Non-Inverting Type , belo per coutrols 


m@ Pin compatible with industry types MM80C97, 


MC14503, and 340097 
@ 5-V, 10-V, and 15-V parametric ratings 








The RCA-CD4503B is a hex noninverti @ Maximum input current of 1 A at 18 V over full, 
buffer with 3-state outputs having ign sine package-temperature range; 100 nA at 18 V and 25 C 
and source-current capability. Two disable @ Meets all requirements of JEDEC 
controls are provided, one of which controls Tentative Standard No. 13A, “Standard 
four buffers and the other controls the Specifications for Description of ‘B’ 
remaining two buffers. The CD4503B types Series CMOS Devices” 
are supplied in 16-lead hermetic dual-in- ° : 
tine ceramic packages (D and F suffixes), Applications: 
Hear avon ial Plastic packages (E suf- @ 3-state hex buffer for interfacing IC’s 
, 16-lead ceramic flat packages (K suffix), with data buses 

and in chip form (H suffix). = CMOS to TTL hex buffer 

o,* Ypo 

16,10, 12, 14 

~ @ 


* 
Ols A(B) 


PS. as 
Lal 


x= DON'T CARE 
* ALL INPUTS PROTECTED 
BY COS/MOS PROTECTION 
° Sar mee 
92CM- 32393 


Vss 
Fig. 1—Logic diagram of 1 to 6 identical! buffers. 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgs Terminal)... 0.0.20... cee eee —0.5to+20V 
INPUT VOLTAGE RANGE, ALLINPUTS .............00 00.0 c cece eee eee —0.5to Vpp +0.5V 
DC INPUT CURRENT, ANY ONEINPUT ..00 0.00. +10mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40 to +60°C (PACKAGE TYPE E)..... 2... cee eee eee 500 mw 

For Ta = +60to +85°C (PACKAGE TYPEE)............. Derate Linearly at 12 mW/°C to 200 mW 

For Ta = ~55 to +100°C (PACKAGE TYPES D, F, K) ......----. ccc cece eee e teen reece eneeee 500 mw 

For Ty = +100 to +125°C (PACKAGE TYPES D, F, K) .....-.... Derate Linearly at 12 mW/°C to 200 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TERMPERATURE RANGE (Al! Package Types) ..............- 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES Dy. FoI A 3 overdo cos cap deren ae bHSOM eas dee we anane Rhee ested -55 to +125°C 

PACKAGE TYPE E ahoe.ctsnkccicee nes iret nnn eo Nadia eoatoenebs wag eeaind saa a osametae -40 to +85°C 


STORAGE TEMPERATURE RANGE (Tstg) —65to + 150°C 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79mm) from case for 10s max..............2..--- + 265°C 





OISABLE 
A 


ol 


16*Vop 8*Vsg = szc 8- sz sz" 


FUNCTIONAL DIAGRAM 











AMBIENT TEMPER; 








OUTPUT LOW (SINK) CURRENT (Iq) —mA 








4 
DRAIN -TO-SOURCE VOLTAGE (Vyg-V 
9208-32734 


Fig. 2—Typical n-channel output low (sink) 
current characteristics. 














OUTPUT LOW (SINK) CURRENT (To) )— ma 





DRAIN ~TO- SOURCE VOLTAGE (Vpgi-V 
92C$-32735 


Fig. 3--Minimum n-channel output low (sink) 
current characteristics. 
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9208-32391 


TERMINAL ASSIGNMENT 
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STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS 















CHARAC- 
TERISTIC 


Values at -55, +25, +125 Apply to D, F, K, H Packages 
Vatues at —40, + 25, + 85 Apply to E Package 


+25 
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RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so 
that operation is always within the following ranges: 


LIMITS 


Supply-Voltage Range (For 


Ta = Full Package- 
Temperature Range) 





CD4503B Types 


DRAIN-TO- SOURCE VOLTAGE ! Vog)~¥ 
9-8 7 6 -5 -4 3 2 4 «0 
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9205-32736 
Fig. 4—Typical p-channel output high (source) 
current characteristics. 
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Fig. 5—Minimum p-channel output high (source) 
current characteristics. 
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Fig. 6—Typical propagation delay time as a 
function of load capacitance. 
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AMBIENT TEMPERATURE (T a)=25°C 
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Fig. 7—Typical transition time as a function 
of load capacitance. 
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CD4503B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input t,, t; = 20ns, 
Cy = 50 pF, Ry = 200 ko unless otherwise specified. 


Vv LIMITS 
CHARACTERISTIC OD typ. | Max] 


) 
5 
10 


Propagation Delay Time: 
Low-to-High, tp. y 

15 

High-to-Low, tpyL 





Transition Time: 
Low-to-High, ttLH 92C8- 27405R1 
Fig. 10—Quiescent-device-current test circuit. 


High-to-Low, trHi 
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3-State Propagation Delay Time: RL =1kn po 

tpHz tpzH 

INPUTS OUTPUTS 
tpzi. tpLz st 
Moe + 
° 
Viv Z 

[ Spmctenr rewperarune (Ta) 25°C} ea v wOTTEST ANY COMmINATION 

tt I ml ail ss OF INPUTS 
20k; 92cS-27441R1 
weiss at 
a 4 ah 
= at L- mae 1 Fig. 11—Input-voltage test circuit. 
[=3 
& : ¢E jt f 
Lars q 
rr Cy siSpF———— 
3 a- | etso oF —_—— Yoo 
& 1005 tH 
z Cat 2198000 INPUTS 
g 

7 i Tat tue Yoo NOTE 
Lol} | | all ce G) MEASURE INPUTS 

1? 4 ors 2 468.22 4 Cars 2 4 Gi ° SEQUENTIALLY, 

FREQUENCY (f )—KHz y2Cs~- 32740 Vss TO BOTH Vpp AND Vss- 
Fig. 8—Typical power dissipation as a function s2cs-32740 Reta eiteR 
of frequency. Fig. 9—Dynamic power dissipation test circuit. Vop OR Veg 
Vss 


9208-27402 


Fig. 12—Input current test circuit. 


Dimensions and pad layout for CD4503BH 


68-76 
(1.727~ 1.930) 
O:imensions in parentheses are in millimeters and 


are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils 110-3 inch}. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
water is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 

different chips. The actual dimensions of the isolated 
0. 12-8254) chip, therefore. may differ slightly from the nominat 

dimensions shown. The user should consider a tolerance 
(1 a Sear 92CM- 32742R1 of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CMOS Dual 4-Bit 
Latch 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4508B dual! 4-bit latch contains 
two identical 4-bit latches with separate 
STROBE, RESET, and OUTPUT DISABLE 
controts. With the STROBE line in the high 
state, the data on the “‘D” inputs appear at 
the corresponding “OQ” outputs provided the 
DISABLE line is in the low state. Changing 
the STROBE line to the low state locks the 
data into the latch. A high on the reset line 
forces the outputs to a low level regardless of 
the state of the STROBE input. The outputs 
are forced to the high-impedance state for 
bus line applications by a high level on the 
DISABLE input. 





Features: 


B Two independent 4-bit latches 
® Individual master reset for each 4-bit latch 


8 3-state outputs with high-impedance state for bus 


tine applications 


(typ.} at Vpp = 10 V and CL = 50 pF 
@ 100% tested for quiescent current at 20 V 
= 5-V, 10-V, and 15-V parametric ratings 


© Standardized, symmetrical outp“t characteristics 


@ Maximum input current of 1 A at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 

®B Noise margin (full package-temperature 
range) = 

1VatVpp= 5V 
2 Vat Vpp=10V 
2.5 V at Vpp = 19 V 
8 Meets all requirements of JEDEC Tenta- 


Medium-speed operation: tpHL = tPLH = 70 ns 





tive Standard No.13A, “‘Standard Speci- 
fications for Description of ‘B’ Series 
CMOS Devices” 


The C04508B types are supplied in the 24- 
lead dual-in-line ceramic packages (D and F 
suffixes), 24-lead dual-in-line plastic pack- 
ages (E suffix), 24-lead ceramic flat pack- + ats, . 
ages (K suffix), and in chip form (H suffix). Applications: 

8 Buffer storage 

@ Holding registers 


= Data storage and multiplexing 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vay) 


The CD4508B is similar to industry type 
MC14508. 


{Voltages referenced to Vsg Terminal) . —0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . —0.5 to Vop +0.5 V 
OC INPUT CURRENT, ANY ONE INPUT : +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40 to +60°C (PACKAGE TYPE E) .  S00mw 

For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 

For Tg = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mw 


For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mw/°c to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (Al! Package Types) 
OPERATING-TEMPERATURE RANGE ae 

PACKAGE TYPES D, F, K,H : 

PACKAGE TYPE E : 
STORAGE TEMPERATURE RANGE ag ) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. 


100 mw 


—55 to +125°C 
—40 to +85°C 
~—65 to +150°C 


+265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. For maximum 


reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 


| umits _| 
CHARACTERISTIC 





Supply-Voltage Range (For Ta = Full Package- 
Temperature Range) 


Reset Pulse Width, tw(R) 





Strobe Pulse Width, tw(st) 





Setup Time, tgy 





Hold Time, ty 








CD4508B Types 


e2cs 27494 


FUNCTIONAL DIAGRAM 
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Fig.2 — Typical output low {sink} current 


characteristics. 
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Fig.3 — Minimum output low {sink) current 


characteristics. 
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Fig.4 — Typical output high {source} current 


characteristics. 
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CD4508B Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS 


Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40,+25,+85 Apply to E Package 

Vo | VIN 

(v) (Vv) 








CHARACTER- 


istic INITS 
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Fig. 7 — Logic diagram {A-Section), 1 of 4 identical latches with 
common output disable, reset, and strobe. 
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Fig. 4 — Minimum output high (source) current 
characteristics. 
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Fig. 5 — Typical transition time as a function of 
toad capacitance. 
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Fig. 6 — Typical propagation delay time as a func- 
tion of load capacitance (strobe to data out). 
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Fig. 8 — Typical power dissipation as a function 
of frequency. 
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CD4508B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input tr, tf = 20 ns, Ci = 50 pF, Yoo 


RL = 200 kQ, untess otherwise specified. 
TEST TS 
CHARACTERISTIC CONDITIONS UNITS 


200 
40 
5 





2 
Pic 
Gi 











Transition Time, tTHL. tTLH 


bi 
8\e8 


8 









Minimum Reset Pulse Width, tw(R) 


B56 eeanvousun 








Minimum Strobe Pulse Width, twist) 


92CS - 29296 











































35 
5 5 50 Fig.9 — Power dissipation test circuit. 
Minimum Setup Time, 10 15 30 
15 10 20 
5 
Minimum Hold Time, 10 
15 
Propagation Delay Times: tpt. tPLH 5 130 260 
Strobe to Data Out 10 70 140 
15 50 100 
5 105 210 
Data In to Data Out 10 60 120 
15 45 90 
5 90 180 
Reset to Data Out 10 50 100 
15 40 80 Vss 9208- 27401RI 
Fig. 10 — Quiescent device 
test circuit. 
3-State Propagation Delay Times: is Se aE eee 
Output High to High Impedance, tpy47 70 
6 180 
High Impedance to Output High, tp7y4 10 100 
15 70 
5 90 180 ¥; 
Output Low to High Impedance, tp; 7 10 50 100 , 
15 35 70 INPUTS OUTPUTS 
90 180 vin 
High Impedance to Output Low, tpz__ 50 100 Pas ve 
35 70 vu i 
icant Ee ae =n 
Vss TEST ANY COMBINATION 
OF INPUTS 
— ‘won — 9203-2 7441h 
\ 
iNeur q Fig.11 — Input voltage test circuit. 
tsu | he 
J age tne ote 
a | ! 
INPUT t | { 
! fw = Yoo 
RESET ——___} a a, ee INPUTS 
: pp NOTE: 
gureur a 2 SEQUENTIAL. 
Te FI 
te. ! eae et , . 10 201% voo ato ves 
Mssie>, }| INPUTS TO EFTHER 
6 : 
tii —| b tea ee Tea ' — Ne tpi ¥ ‘ss 





Qn OUTPUT g2cs-27402 
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f et 
§ na | a tm 


; Fig. 13 — input current test circuit. 
Fig, 12 — Test waveforms. 


92cM-29297 
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CD4508B Types 
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Fig.14 — Output disable test circuit and waveforms. 
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DISABLE 
H+ A 
DISABLE 
4 tt] FUNCTION SELECT 
4-LINE tt tt i 
OATA 8US FUNCTION Inhibit (ali 0} 
SELECT Select A Bus 
92CM- 29300 Select B Bus 
Fig.15 — Bus register. 
92CM- 29301 
4 NO EO BAO", 380-5 60. 7080. 300 Fig.16 — Dual multiplexed bus register with 
function select. 
Zee 
= Sy & 
9-99 
(2.312.515) 
RESET A hd 
STROBE A—j 2 
BISASLE A 3 
OOA 4 
QoA LY 
oA 6 
QA ? 
Oza 8 
QZza 
L 4-10 Osa 
(0.102-0.254) Q3a 
3 eto s2cu-29802 Vss 
: : TOP ViEW 
The photographs and dimensions of each CMOS chip ezcs-27604 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, TERMINAL ASSIGNMENT 
Dimensions in parentheses are in millimeters and in bid " ate a le st to the Oho : 
are derived from the basic inch dimensions as in- iterent chips. The actual dimensions oO: sacle 
dicated. Grid graduations are in mils (107-3 inch). chip. therefore, may ditfer slightly trom the nomi 


dimensions shown. The user should considera tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD45088. 














CMOS Presettable 


Up/Down Counters 
High-Voltage Types (20-Volt Rating) 
CD45108 — —- — BCD Type 

CD4516B — — — Binary Type 


The RCA-CD45108 Presettable BCD Up/Down 
Counter and the CD4516 Presettable Binary 
Up/Down Counter consist of four synchron- 
ously clocked D-type flip-flops (with a gating 
structure to provide T-type flip-flop capa- 
bility) connected as counters. These counters 
can be cleared by a high level on the RESET 
tine, and can be preset to any binary number 
Present on the jam inputs by a high level on 
the PRESET ENABLE line. The CD4510B 
will count out of non-BCD counter states in a 
maximum of two clock pulses in the up 
mode, and a maximum of four clock pulses 
in the down mode. 


lf the CARRY-IN input is held low, the 
counter advances up or down on each 
positive-going clock transition. Synchronous 
cascading is accomplished by connecting all 
clock inputs in parallel and connecting the 
CARRY-OUT of a less significant stage to 
the CARRY-IN of a more significant stage. 


The CD45108 and CD4516B can be cascaded 
in the ripple mode by connecting the CARRY- 
OUT to the clock of the next stage. If the 
UP/DOWN input changes during a terminal 
count, the CARRY-OUT must be gated with 
the clock, and the UP/DOWN input must 
change while the clock is high. This method 
provides a clean clock signal to the subse- 
quent counting stage. (See Fig. 15). 

These devices are similar to types MC14510 
and MC 14516. 

The CD4510B and CD45168 Series types 
are supplied in 16-lead hermetic dual-in- 
line ceramic packages (D and F suffixes), 
16-lead dual-in-line plastic packages (E suf- 


fix), 16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


PRESET 





ENABLE \e 
a4 2 
P43 
Pt 4 

CARRY IN 3 
Ql 6 

oaRRY Cut —|7 
Vsg—48 


(TOP VIEW) 


715 


g2es-2 
CD4510B, CD4516B 
TERMINAL ASSIGNMENT 


. Features: 


® Medium-speed operation -- 
fc_ = 8 Miz typ. at 10 V 


® Synchronous internal carry propagation 

© Reset and Preset capability 

= 100% tested for quiescent current at 20 V 
= 5-V, 10-V, and 15-V parametric ratings 


§ Standardized symmetrical output characteristics 


@ Maximum input current of 1 ZA at 18 V 
over full package temperature range; 
100 nA at 18 V and 25°C 


@ Noise margin (full package-temperature 
range)? 1Vat Vpp =5V 
2V at Vpp = 10V 
2.5 Vat Vop =15V 
@ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


CD4510B, CD4516B Types 


PRESET. 
ENABLE 


TARRY CUT 


CD4510B, CD4516B 
FUNCTIONAL DIAGRAM 


92CS-24824 





Applications: 

® Up/Down difference counting 

= Multistage synchronous counting 
8 Multistage ripple counting 


8 Synchronous frequency dividers 


OPERATING CONDITIONS AT Ta= 25°C, Unless Otherwise Specified 


For maximum reliability, nominal opera ting conditions should be selected so that operation 


is always within the following ranges. 






Clock Pulse Width, tw 


Clock Input Frequency, fot 





Preset Enable or Reset Removal Time® 


Carry-In Setup Time, ts 


Up-Down Setup Time, ts 


Preset Enable or Reset Pulse Width, tw 


Supply Voltage Range (At Tq = Full Package- Temperature Range) 


Clock Rise and Fall Time, t-CL, tech 7 


®Time required after the falling edge of the reset or preset enable inputs before the rising edge 
of the clock will trigger the counter (similar to setup time). 


*If more than one unit is cascaded in the parallel clocked application, tpCL shoutd be made less 
than or equal to the sum of the fixed propagation delay at 15 pF and the transition time of the 
carry output driving stage for the estimated capacitive load. 
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CD45108, CD4516B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 







(Voltages referenced to Vgg Terminal) ........... 0.6 c cece cece c cee e eee e nett eee eeeeeee -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ............- 02s c reece ene e eee t cree eeeeeee ~-0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT 0.0.02... eee c cece cece cree ener eee sees ene sen teeeee +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For T , = -40 to +60°C (PACKAGE TYPE E) ....... 00. cc eee cece crete ene n eter erent eens 500 mw 

For Ta = +60 to +85°C (PACKAGE TYPE E) . Derate Linearly at 12 mW/°C to 200 mW 

For Ty = -55 to +100°C (PACKAGE TYPES D, F, K) ..-- 0 see ece ee eee ence tence renee eee eens 500 mW 


For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 





For Ty = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...........---..0ss00s 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES. Dy ‘Fs jIH asec rca ete palsinle seu o's tas gb lnd od euieeietine ees weed es -55 to +125°C 

PACKAGE TYPE E? iio. cisntieetions coh s beads begins chile blbleete deuce ceed need -40 to +85°C 
STORAGE TEMPERATURE RANGE UN See -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ......-.-. ee eee een een ee +265°C 
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Fig.3 — Logic Diagram for CD4510B. 
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Fig.6 — Typical transition time vs. load 
capacitance. 


Fig.6 — Minimum output high (source) current 
characteristics. 
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Fig. — Typical output low (sink} current 
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Fig.2 — Minimum output low (sink) current 
characteristics. 
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Fig.4 — Typical output high (source) current 
characteristics. 
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Fig.7 — Typical propagation delay time vs. 
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CD4510B, CD4516B Types 





STATIC ELECTRICAL CHARACTERISTICS pe ane te ede ee 








LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 
CHARACTER- Values at —40, +25, +85 Apply to E Package 
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SUPPLY VOLTS— Yop 92¢8- 27006 
Fig.8 — Typical maximum clock input frequency 
vs. supply voltage. 
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PROTECTION NETWORK 
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UP/DOWN ™* Yoo NOTE 
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Fig. 12 — Input-current 


Fig.10 — Logie Diagram for CD45768. 92¢.- 2700482 test circuit. 
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CD4510B, CD4516B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, Cy = 50 pF, 
Input t,, te = 20 ns, Ry = 200 k2 


Yoo 





Limits INPUTS QuTPUTS 


+ 
al 

_ ss 
~~ =. 


Characteristic All Packages Yin 


“4 
< 
2 
< 

zo 





Propagation Delay Time (tpi . tPLH): NOTE: 
TEST ANY ONE INPUT, 
Vss WITH OTHER INPUTS AT 
Voo OR Vsg.: 
92CS~- 27400RI 


Clock-to-Q Output (See Fig. 10) 


Preset or Reset-to-Q Output 


Fig. 13 — Input-valtage 
test circuit. 


=2N = 
aor-;j~seo 
omo!; ao 


Clock-to-Carry Out 


Carry-In-to-Carry Out 


Preset or Reset-to-Carry Out 





Transition Time (trHL, tTL}) (See Fig. 9) 


e 
2 
4 


Max. Clock Input Frequency (fc) 


ONOUSUN— 














Input Capacitance (Cj,y) 





Set-up Time, ts 
Preset Enable to J, 











“2008 + 20 ns 
Hold times, ty r,. TORT YP 
Clock to Carry-In 4 f 10% 
ww __ VARIABLE ae 7 
WIDTH 
92cm-27012 
Clock to Up/Down 
Preset Enable to Jn Fig.14 — Power-dissipation test circuit and 


input waveform. 
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PARALLEL 
AT AL 
ouTPUTS 









ANALOG 
DATA 
INPUTS 


16-CHANNEL. 
MULTIPLEXER 
cD4067 





PRESET 
INPUTS t 


CLOCK PRESET 
ENABLE SY Eta 


This acquisition system can be operated in 
the random access mode by jamming in 
the channel number at the present inputs, or 
in the sequential mode by clocking the 
CD4516B. 


Fig. 17 — Typical 16-channel, 10-bit data acquisition system. 


CD4510B, CD4516B Types 







[cL[cr[uofre]R[action | 
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TRUTH TABLE 
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4-10 
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97-105 
(2.464 - 2.667) 





Dimensions and Pad Layout for CD4510BH. 








90-98 
(2.286- 2.489) 

















« 4-10 


(0.102- 0.254) 92CS-27036R1 





80- 88, 
(2.032- 2.235) 


Dimensions and Pad Layout for CD45 16BH. 

The photographs and dimensions of each CMOS Chip 
represent a chip when it is part of the wafer. When the 
waler is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
Gifferent chips. The actual dimensions of the isolated 
Chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

Dimensions in parentheses are in millimeters and are 

derived from the basic inch dimensions as indicated. 

Grid graduations are in mils (10~° inch}, 
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CD4510B, CD4516B Types 


"PARALLEL CLOCKING" 





UP/DOWN 








PRESET 
ENABLE ~ 










UP/D PE 





wa 3 dq UPD PE J) da J3 dq 






















CD45I0/16 c.0. C1. 





CD4510/16 c.0 c.I CO45I0/16 c.0. 








CL Q; Qo Q3 Q4 CL 9; Q2 Q3 R 








CL Q Q2 Q3 Qq 





CLOCK 


RESET 





* CARRY OUT lines at the 2nd, 3rd, etc., stages may have a negatlve-going glitch 
pulse resulting from differential delays of different CD4510/16 IC's. These negative- 
oing glitches do not affect proper CD4510/16 operation. However, if the 
signais are used to nigger other edge-sensitive logic devices, such 


as FF’s or counters, the signals should be gated with the clock signal 
using a 2-input OR gate such as CD4071B. 


"RIPPLE CLOCKING" 
UP/DOWN >—— 

















PRESET > > 
ENABLE e 













UD PE wy Jo Jz ug UD PE J 





Je Jz dg PE Jj 


Jo v3 vq 




















ci. 





CR4510/16 c.O. CD4510 /16 C.0. CD4510/16 ca. 














CL Q; Q2 Q3 % 





CL Q} Q2 Q3 04 Ch} Og O3 Qq 





cLock /4CD4071B —— ) > 





RESET 


RIPPLE CLOCKING MODE: 
THE UP/DOWN CONTROL CAN BE CHANGED AT ANY COUNT. THE ONLY RESTRICTION ON CHANGING 


THE UP/DOWN CONTROL !S THAT THE CLOCK INPUT TO THE FIRST COUNTING STAGE MUST BE "HIGH" 


For cascading counters operating in a fixed up-count or down-count mode, the OR 
gates are not required between stages, and is connected directly to the CL input 
of the next stage with CT grounded. 92CL- I7I94R5 


Fig. 18 — Cascading counter packages. 
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CMOS BCD-to-7-Segment 
Latch Decoder Drivers 


High-Voltage Types (20-Volt Rating) 


a DISPLAY 


CD4511B Types 





oUieatisiiTa4 





The CD4511B types are BCD-to-7-segment 
latch decoder drivers constructed with 
CMOS logic and n-p-n bipolar transistor out- 
put devices on a single monolithic structure. 
These devices combine the low quiescent 
power dissipation and high noise immunity 
features of RCA CMOS with n-p-n bipolar 
output transistors capable of sourcing up to 
25 mA. This capability allows the CD4511B 
types to drive LED's and other displays 
directly, 


Lamp Test (CT), Blanking (BL), and Latch 
Enable or Strobe inputs are provided to test 
the display, shut off or intensity-modulate it, 
and store or strobe a BCD code, respectively. 
Several different signals may be multiplexed 
and displayed when external multiplexing 
circuitry is used. The CD4511B is supplied 
in 16-lead hermetic dual-in-line ceramic 
packages (D and F suffixes), 16-lead dual- 
in-line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and inchip 
form (H suffix). 

These devices are similar to the type 
MC14511. 





1@ Voo 
2 t 
3 q 
4 a 
LE/STROBE 5 b 
6 ¢ 
7 a 
8 e 
TOP VIEW 
92CS-26084R 
CD4511B 


TERMINAL ASSIGNMENT 


92c - 29007 


Features: 


‘92CS~ 250a3K2 


® High-output-sourcing capability ........ up to 25 mA 
® Input latches for BCD Code storage 

@ Lamp Test and Blanking capability 

= 7-segment outputs blanked for BCD input codes > 1001 


FUNCTIONAL DIAGRAM 





8 100% tested for quiescent current at 20 V 


Applications: 
@ Max. input current of 1 uA at 18 V, over pptica Ss 


full package-temperature range, 100 nA 
at 18 V and 25°C 


m5-V, 10-V, and 15-V parametric ratings 


® Driving common-cathode LED displays 

® Multiplexing with common-cathode LED 
displays 

& Driving incandescent displays 

® Driving low-voltage fluorescent displays 


MAXIMUM RATINGS, Absolute-Maximum Values: 
OC SUPPLY-VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vgg Terminal) 0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . Be Sav onde “Sie? As ~0.5 to Vop +0.6 V 
DC INPUT CURRENT, ANYONE INPUT . 2. 2 2. ww ee ke HOmA. 
POWER DISSIPATION PER PACKAGE (Pp): ‘ 


For Ta = —40 to +60°C (PACKAGE TYPE E) soe ee ee we = 500 mW 
For Ta = +60 to +85°C (PACKAGE TYPE E) Derate Linearly at 12 mW/°C to 200 mW 
For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 600 mW 


For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types} 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPESD,F,K,H  . . 1 we —65 to +125°C 

PACKAGE TYPEE . . . 2. 1. ww wee ee ee ~40 to 485°C 
STORAGE TEMPERATURE RANGE (Teg) ©. ee —65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm} from case for 105 max. . +268°C 


OPERATING CONDITIONS AT Ta = 25°C Unfess Otherwise Specified 


For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges 


characteristic | M| Mins | tax. | 

Supply- Voltage Range (Tp): Vv 
(Full Package-Temperature Range) 

| 5 {iso | | 

Set-Up Time (tg) ; io [ 70 J] - | 
p15 f 40 fp - 
aaa 
ase 
scan 







Hold Time (ty) 


Strobe Pulse Width (ty) 
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CD4511B Types 


STATIC ELECTRICAL CHARACTERISTICS 


| Conditions | Limits at indicated Temperatures (°C) 


Values at -55, +25, +125 for D, F, K, H, Packages 
ie at —40, +25, +85 for E Packages 
VIN lw +25 
a (v) || 485 +125 Typ. 


eo (v  | | 150 [| 160 | - | 0.04 | 
|= [0.04 | 















Characteristic 


Quiescent Device 
Current: lop 








i) 3 


DRAIN-TO-SOURCE VOLTAGE (Vpg)—v _*?¢#-t4aV0n3 
Fig. 1 — Typical output low (sink) current 
characteristics. 
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LOAO CAPACITANCE (CL I—pF = 82¢3-27077 
Fig. 2 — Typical data-to-output, low-to-high-level 
propagation delay time as a function of 
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Output Low 
(Sink) Current, 


fou 


LOAD CAPACITANCE (C, }—pF v2C3-27078 
Fig. 3 - Typical data-to-output, high-to-low-level 
propagation delay time as a function of 
load capacitance. 
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Fig. 4 — Typical low-to-high-level transition time as 
a function of load capacitance. 


312 











CD4511B Types 

















DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t,, ty = 20 ns, 
Cy = 50 pF, Ry = 200k2 


AMBIENT TEMPERATURE (Ta )225°C 3: 





























CHARACTERISTIC 


Test 
Conditions All Packages UNITS 
Vop 
Volts Typ. 
1 
1 


5 
0 
5 





TRANSITION TIME (V4) = m0 


Propagation Delay Time: 
{Data) 
High-to-Low Level, toy, 















LOAD CAPACITANCE(CL)—OF 5008. a7o90 


Low-to-High Level, toy y 






Fig. 5 — Typical high-to-low transition time as a 
function of foad capacitance. 
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Propagation Delay Time: 


(LT) 
High-to-Low Level, toy, 













Low-to-High Level, tpyy 





OUTPUT SOURCE CURRENT (Io))—mA 
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Transition Time: 





os E.) 
SUPPLY VOLTAGE - OUTPUT DRIVE VOLTAGE (Vop-VoH)—V 
9208-27081 
Fig. 6 — Typical voltage drop (V py to output) vs. 
Output source current as a function of 


supply. 
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Miniraum Set-Up Time, ts 
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Minimum Hold Time, ty 
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92¢5-27082 
Fig. 7 ~ Typicat dynamic power dissipation characteristics, | 
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CD4511B Types 





Yoo 






INPUTS 


Vss 
92C8- 27401RI 


Fig. 9 — Quiescent device current. 


ty ote #2008 


Vss Vss 


MEASURE OUTPUT ¢ FOR Spiy 
MEASURE OUTPUT g FORT py, 


Fig.12 — Data propagation delay. 








92cs-27080R Vss 





























7 MOS 
S2CL- 2707SRI PROTECTION 
: Cs NETWORK 
Fig. 8 — Logic diagram. 
TEST CIRCUITS “oo 
INPUTS OUTPUTS 
Yin 
bp Pees +, 
° 
Vin = 
NOTE: 
vss TEST ANY COMBINATION 
OF INPUTS 
92CS-2744iR 


Fig. 10 — Input voltage. 


INPUTS 


NOTE: 
MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vpp AND Vss 
CONNECT ALL UNUSED 
INPUTS To EITHER 


Von OF Vgs° 
vss 


9268-27802 


Fig.11 — input current. 


Yoo 





92cS-27086Rt 


Fig. 13. — Dynamic power dissipation. 
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* Depends on BCO code previously 
applied when LE = 0 


Note: Display is blank for all illegal input codes (BCD > 1001). 


X= Don't Care 
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Fig. 14 ~ Dynamic waveforms. 
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CD4511B Types 


APPLICATIONS a 
Interfacing with Various Displays pe 





92CS~27091RI 


A medium-brightness intensity display can be 
obtained with iow-voitage fiuorescent displays 
such as the Tung-Sol Digivac S/G** Series. 


** Trademark Tung-Sol Division Wagner Electric Co. 
Fig. 16 — Driving low-voltage fluorescent displays. 
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rT Yop 5¥ 
cn4si : --4, 
— 
c— 
a 
at a 1€ 7 Reacon 
Yes 92C3- 27069RI Yoo | 
Duty Cycle = 100% ae LL 
'sEG = 'DIODEayg. = 20 mA at Luminous Intensity/Segment = 250 microcandies i 
Vv -V, 92¢5-27090Rt 
R= WOH 7 SOF 2 of 7 Segments Shown Connected 
Samant s shown Connected 
'SEG Resistors R from Vop to each 7-segment driver 
Fig. 15 — Driving common-cathode 7-segment LED displays (example Hewlet-Packard 5082-7740). output are chosen to keep all Numitron segments 


stightly on and warm. 
Fig. 17 — Driving incandescent displays (RCA 
Numitron DR2000 series displays). 








+2] 20 40 66 80 100 1 8 












































2.921- 3.1247 — 


Multiplexing Scheme Showing 2 of 7 Segments Connected SECM e708TR 92CM- 32873 


Transistors T1-T4 (RCA-2N3053 or 2N2102) have \¢ Max. rating > TASEG Dimensions and pad layout for CD4511B chip. 


Duty Cycle = 25% The photographs and dimensions of each CMOS chip 
represent a Chip when it is part of the water. When the 

' SEG™ “or ODE aya! x4 water is separated into individual chips, the angle af 
cleavage may vary with respect to the chip face for 

(Vou pos Vor =. Vee! differant chips. The actual dimensions of the isolated 

R= chip, therefore, may differ slightly from the nominai 
t SEG dimensions shown. The user should consider a tolera nce 

All unused inputs on CD4555 of —3 mils to +16 mits applicable to the nominal 


dimensions shown. 
are connected to Voo or Vgs: 


Dimensions in parentheses are in millimeters and are 
Fig. 18 — Multiplexing with comman-cathode 7-segment LED displays (example Hewlet-Packard 5082-7404 derived from the basic inch dimensions as indicated. 
4 character display or 4 discrete Monosanto Man 3 displays). Grid graduations are in mils (1073 inch). 
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CD4512B Types 


CMOS 8-Channel 
Data Selector 
High-Voltage Types (20-Voit Rating) 


The RCA-CD4512B is an 8-channel data 
selector featuring a three-state output that 
can interface directly with, and drive, data 
lines of bus-oriented systems. 


The C04512B-series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 





Features: 
@ 3-state output 
® Standardized, symmetrical output characteristics 
© 100% tested for quiescent current at 20 V 
a= 5-V, 10-V, and 15-V parametric ratings 
= Maximum input current of 1 A at 18 V over full package- 
temperature range; 100 nA at 18 V and 25°C 
® Noise margin (over full package-temperature range): 
1VatVpp= SV 
2 Vat Vpp = 10 V 
2.5 V at Vop = 15 V 


3-STATE OISABLE 


« Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


92CS+ 20029 


FUNCTIONAL DIAGRAM 





Applications: 

& Digital multiplexing 

=| Number-sequence generation 
8 Signal gating 





o. 3 Srare DISABLE 
pe SEL. OUTPUT 
RECOMMENDED OPERATING CONDITIONS ta ; 
For maximum reliability, nominal operating conditions should be selected so that ea al es 
operation is always within the following ranges: Yss o7 
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Fig. 1 — Logic diagram. 
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CD4512B Types 


MAXIMUM RATINGS, A bsolute-Maximum Values: 





DC SUPPLY-VOLTAGE RANGE, (Vpp) + 
(Voltages referenced to Vgg Terminal) i 
INPUT VOLTAGE RANGE, ALLINPUTS ... 3 
OC INPUT CURRENT, ANY ONE INPUT . 4 
POWER DISSIPATION PER PACKAGE {Pp): i 
For Tp, = -40 to +60°C (PACKAGE TYPE E) .......... 0c cece cece cece eects eeeeeeeereveseees 500 mW 3 
For T, = +60 to 85°C (PACKAGE TYPE E) .............020005 Derate Linearly at 12 mW/°C to 200 mw FY 
For Ty, = -55 to +100°C (PACKAGE TYPES D, F, K) 0.00... 0 02. c cece cece cece eee eeeeeeeneneees 500 mW z 
For T, = +100 to +125°C (PACKAGE TYPES D, F,K) .......... Derate Linearly at 12 mW/°C to 200 mW 3 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 5 
For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................0000- 100 mw 3 


OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES D, F,K,H .. -55 to +125°C 





5 
ORAIN-TO-SOURCE VOLTAGE (Vos}~V 









PACKAGE TYPE E ...... 0. cece cece cence neces -40 to +85°C 
STORAGE TEMPERATURE RANGE LUN: ee -65 to +150°C Fig. 3 — Typical output low (sink) 
LEAD TEMPERATURE (DURING SOLDERING): current characteristics. 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10§ Max. ..........0..ce eee ceeees +265°C 





AMBIENT TEMPERATURE (T,)= 25°C 
STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 


Values at -55, +25, +125 Apply to D, F, K, H, Packages 
Values at —40, +25, +85 Apply to E Package 
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ORAIN-TO- SOURCE VOLTAGE ‘vos]—Vv 





E 
Ee 


Fig. 4 — Minimum output tow {sink) 
current characteristics. 
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Fig. 5 — Typical output high {source} 
current characteristics. 
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CD4512B Types 











DYNAMIC ELECTRICAL CHARACTERISTICS at Tq = 25°C, Input t,t, = 20 ns, a ANBIENT TEMPERATURE Ta 2ere ETT F 
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Fig. 7 — Typical dyanamic power dissipation 





































































































Data to Output 10 75 150 as a function of frequency. 
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3-State Disable Delay Time: sas AMBIENT TEMPERATURE (Ta}=25°C: 
Fy 
tpZL: tpLz- tPHZ tPZH | 
Z00 
" 5 
: quer vou a 
tnput Capacitance, Cj,y FI 
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(Any Input) fe tod] : SY 








20 
LOAD CAPACITANCE (C_)— pF szcs-29880 


Fig. 8 — Typical propagation delay time asa function 
of load capacitance (“A” select to output). 
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Fig. 9 - Dynamic power dissipation test circuit. Fig. 10 — Quiescent device current test circuit. 
Yoo 
iweuTs 
Yoo NOTE: 
One MEASURE INPUTS 
° SEQUENTIALLY, 
Vs TO BOTH Vop AND Vss- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR Ves: Dimensions in parentheses are in millimeters and 
Vss are derived from the basic inch dimensions as in- 
9205-27402 dicated. Grid graduations are in mils (10-3 jnch). 
Fig. 11 — Input current test circuit. 72-80 
(L829-2.032) 
Yoo The photographs and dimensions of each CMOS chip 
P represent a chip when it is part of the wafer. When the 
IwPUTS outeuts water is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
Vin different chips. The actual dimensions of the isolated 


dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown, 


Noe ~“e Se chip, therefore, may differ slightly from the nominal 
+ 










note: o— 
ss TEST ANY COMBINATION 10 
OF INPUTS 0.254) 
75-83 
92CS-27441R) (1.908 - 2.108) 
g2cs— 29686) 
Fig. 12 — Input voltage test circuit. Dimensions and pad layout for CD4512BH 
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CMOS 4-Bit Latch/4-to-16 


Line Decoders 
High-Voltage Types (20-Volt Rating) 


Features: 
© Strobed input latch 


Lopes =| Inhibit control 
er ate mie ae a a. = 100% tested for quiescent current at 20 V 
co UIpuE ow? ® Maximum input current of 1 vA at 18 V 


over full package-temperature range; 
100 nA at 18 V and 259°C 


Noise margin (over full package temper- 
ature range): 
1VatVpp= 5V 
2V at Vpp = 10 V 
2.5 V at Vpp = 15 V 


The RCA-CD4514B and -CD4515B consist 
of a 4-bit strobed latch and a 4-to-16-line s 
decoder, The latches hold the last input data 
presented prior to the strobe transition from 
1 to 0. Inhibit contro! allows all outputs to 
be placed at 6(CD4514B) or 1(CD4515B) 


regardless of the state of the data or strobe = 5-V, 10-V, and 15-V parametric ratings 
taputs, cole : ® Standardized, symmetrical output 

The decode truth table indicates all combi- characteristics. 

nations of data inputs and appropriate se- ® Meets all requirements of JEDEC Tentative 


lected outputs. 
These devices are similar to industry types 
MC14514 and MC 14515. 


Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices”’ 


The CD4514B and CD4515B types are Applications: 

supplied in 24-lead hermetic dual-in-line ® Digital multiplexing 
ceramic packages (D and F suffixes), 24- ® Address decoding 

lead dual-in-line plastic packages (E suffix), ® Hexadecimal/BCD decoding 
24-lead ceramic flat packages (K suffix), @ Program-counter decoding 
and in chip form (H suffix). ® Control decoder 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) ; —0,5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . -0.5 to Vop +0.5 Vv 
DC INPUT CURRENT, ANY ONE INPUT Fi +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40 to +60°C (PACKAGE TYPE E) Soe ee ee 500 mw 

For Ta = +60 to +85°C (PACKAGE TYPE E) |. Derate Linearly at 12 mw/°C to 200 mw 

For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mw 


For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) - Derate Linearly at 12 mW/°C to 200 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE.TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D,F,K,H . |. |, 


100 mw 


-55 to +125°C 
—40 to +85°C 
—65 to +150°C 


PACKAGE TYPE E fc 28 
STORAGE TEMPERATURE RANGE (Tstg) 
LEAD TEMPERATURE (OURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. +265°C 


RECOMMENDED OPERATING CONDITIONS at Tag = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


Supply-Voltage Range (For Ta = Full Package- 
Temperature Range) 


Data Setup Time, ts 


Strobe Pulse Width, tw 











CD4514B, CD4515B Types 








INHIBIT 
92cs- 24597 
CD45148, CO4515B 
FUNCTIONAL DIAGRAM 
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Fig. 1 — Typical output low (sink) 
current characteristics, 
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Fig. 2 — Minimum output tow (sink) 
current characteristics. 
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Fig. 3? — Typical output high (source) 
current characteristics. 
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CD4514B, CD4515B Types 


STATIC ELECTRICAL CHARACTERISTICS 
LIMITS 
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Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 
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Fig. 7 — Typical low-to-high transition time vs. 
load capacitance. 


320 











° 20 


s 10. 15 
SUPPLY VOLTAGE (¥pnt—¥ 
92cs-2ass2R! 


Fig. 8 — Typical strobe or data propagation delay 
time vs. supply voltage. 
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Fig. 4 — Minimum output high (source) 
current characteristics. 
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Fig. 5 — Typical strobe or data propagation delay 
time vs. load capacitance. 
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Fig. 6 — Typical inhibit propagation delay time 
vs. load capacitance. 
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Fig. 9 -- Typical power dissipation vs. frequency. 











CD4514B, CD4515B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 28°C; Input ty, te = 20 ns, Po 
C, = 60 pF, Ry = 200 KD. Yoo 


INPUTS 


CHARACTERISTIC 


Propagation Delay Time: tpy4), tp 
Strobe or Data 


92C8- 274018) 


Inhibit 
Fig. 10 — Quiescent device current test circuit. 
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Vin 
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Yin & 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
92C$-2 744 IRI 


Fig. 11 — Input voltage test circuit. 
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Yoo NOTE 
MEASURE INPUTS 
°° ©) as SEQUENTIALLY, >> = AUtD A 50 
Ves TO BOTH Vog AND Vg a 
CONNECT ALL UNUSED p—d ° uw 
INPUTS TO EITHER > [> Or si 
Voo OR Vgg {> Pe 50th Oro $2 
Vs gs 
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92C8- 27402 para 20-150 {> [>° eo 33 
Tbcb 
Fig. 12 — Input current test circuit. >—P ai 
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Fig. 13 — Logic diagram for CD45148 and CD45158. 
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CD4514B, CD4515B Types 


DECODE TRUTH TABLE (Strobe = 1) 


DECODER 
aman 
Qa;0 





SELECTED OUTPUT 
\CD4514B = Logic 1 (High) 
(CD45 15B = Logic 0 (Low) 





Yoo 
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Fig. 14 — Waveforms for setup time and 
4 strobe pulse width, . TERMINAL ASSIGNMENT 
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x All Outputs = 0, CD4514B 
All Outputs = 1, CD4515B 
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Dimensions and Pad Layout for CD45158 Chip 
(Dimensions and pad layout for the CD45148 are identical} 


Dimensions in parentheses are in millimeters and are The photographs and dimensions of each CMOS chip 
derived from the basic inch dimensions as indicated. represent a chip when it is pert of the water. When the 
Grid graduati : its (1 0-3 inch} water is separated into individual chips, the angle of 

te graguavions: are i rms inca’, cleavage may vary with respect fo the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CMOS Dual 64-Stage 
Static Shift Register 


High-Voltage Types (20-Voit Rating) 


The RCA-CD4517B dual 64-stage static shift 
register consists of two independent registers 
each having a clock, data, and write enable 
input and outputs accessible at taps following 
the 16th, 32nd, 48th, and 64th stages. These 
taps also serve as input points allowing data 
to be inputted at the 17th, 33rd, and 49th 
stages when the write enable input is a logic 
1 and the clock goes through a low-to-high 
transition. The truth table indicates how the 
clock and write enable inputs control the 
Operation of the CD4517B. tnputs at the 
intermediate taps allow entry of 64 bits into 
the register with 16 clock pulses. The 3-state 
outputs permit connection of this device to 
an external bus. 


The CD4517B is supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 


Features: 

= Low quiescent current — 10 nA/pkg (typ.) 
at Vpp=5V 

® Clock frequency 12 MHz (typ.) at 
Vop =10V 


® Schmitt trigger clock inputs allow operation 
with very slow clock rise and fall times 


® Capable of driving two low-power TTL loads, 


one low- power Schottky TTL load, or two 
HTL loads 

®@ Three-state outputs 

= 100% tested for quiescent current at 20 V 

® Standardized, symmetrical output 
characteristics 

8 5-V, 10-V and 15-V parametric ratings 

© Meets all requirements of JEDEC Tentative 
Standard No.13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 


§ Time-delay circuits 

© Scratch-pad memories 

® General-purpose serial shift-register 
applications 


CD4517B Types 


TERMINAL ASSIGNMENT 64-BIT 
SHIFT 


REGISTER 


O 
WE * 0-- QI6-~-Q32- --048- -- 064 


WE® I----O17---033- --D49- --HiZ 


(OF 2 SHIFT REGISTERS. TERM. Nos. 
IN PARENTHESES ARE FOR 2.ND HALF 


Vpp*!6 Vgg* 8 





92CS- 30371 


TOP VIEW 


92CS- 31097 


TERMINAL ASSIGNMENT 





MAXIMUM RATINGS, Absolute-Maximum Values: 
OC SUPPLY-VOLTAGE RANGE, (Vpp) 


{Voltages referenced to Vss Terminal) ‘ —0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS . 0.5 to Vp 10.5 V 
DC INPUT CURRENT, ANY ONE INPUT : +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40 to +60" C (PACKAGE TYPE &) . 500 mw 

For Ty = +60 to +85°C (PACKAGE TYPE —) Derate Linearly a at 12 mw? C to 200 mw 

For T , = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mw 

For Tq = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mwi°C to 200 mw 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (Ali Package Types) 
OPERATING-TEMPERATURE RANGE (TA) 
PACKAGE TYPES D, F, K, H : 
PACKAGE TYPE E : 
STORAGE TEMPERATURE RANGE Tet ) 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 $ max. 


100 mw 


—55 to +125°C 
~40 to +85°C 
~65 to 150°C 


+265°C 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 





LIMITS 





CHARACTERISTIC 





Supply-Voltage Range (For Ta = Full Package 
Temperature Range) 





Stage 16 
Tap 





X = Don’t Care 


Z = High Impedance 
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CD4517B Types 





STAGE (6 STAGE 32 STAGE 48 STAGE 64 
OUT/IN TAP OUT/IN TAP OUT/IN TAP OUT/IN TAP 


92CM- 3109BRI 
Fig. 1—CD4517B functional biock diagram fone haif). 























92CL- 32765 


Fig. 2—-CD4517B logic block diagram (one half). 


CLK 


we 





92CM-32763 


Fig. 3—Dynamic test waveforms. 
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Vss 


4 PROTECTED BY COS/MOS 
PROTECTION NETWORK 
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CD4517B Types 
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Fig. 4—Typical n-channel output iow (sink) 
current characteristics. 
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Fig. 5—Minimum n-channel output low (sink) 
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Tere 4 

Input High GATE eee teal tone Ls F 
Voltage, igegeeeee i of 
Vind Min. H ie = 
ea Hee ¥ 

rt. itt a 

input Survent | #10-5 | 20.1 wh SSH ae 
IN ax. SHR 5 
Pt - 23 8 

3-State i fan t + i 
Output -15V Et 20% 
Leakage +1074 | +0.4) pal : 
Current + f 3 
lout Max. = HH 9205: 2432085 








Fig. 6—Typical p-channel output high (source) 
current characteristics. 



























































































































































































































































































































































































































































































































































































































































































































































































































































DRAIN-TO-SOURCE VOLTAGE (Vpsi~-V YY 
“15 “10 ie 5 ° AMBIENT TEMPERATURE (Tq )+25°C AMBIENT TEMPERATURE (Tq)e25°C 
AMBIENT TEMPERATURE (Tg)*25°C 2 EE Ht mt : 
GATE - TO- SOURCE Hannes {Vggh* -5 v. é Et toe es 4 
SEReWunaGtEse 4 joo q t bj 
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3 ¢ t t + = HE 
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= 1 ye5¥ nH = i 
g SEE THLE SuppLy VOLTAGE (VDD + = 
5 & t = Ht 2 ' x) 
‘ -10v HH 3 4 + wo) 
H H-0 5 & 0k, 
suanes & t q e ee 
i g t + qr ov By oo 
3 t 6 a ™ 
a cr = HON, 
rt‘-15 Vv 1H s SN 
t +] HS Es u $0] 
Hy a H f HA 
: iF i 
7 Oo 80 100 Q 20 100 
+ s LOAD CAPACITANCE (C,)~ pF Ry CAPREITANCE LG) pF 
92c5-2aszime 9208-3276) 92cs-2asez 
Fig. 7—Minimum p-channel output high Fig. 8—Typical propagation delay time as a Fig. 9—Typical transition time a a function 
(source) current characteristics. function of load capacitance. of load capacitance. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tq = 25°C; Input t,, t7=20ns, B] AweiewT TEMPERATURECTA)=23% 
Cy = 50pF, A, = 200 kQ ‘oot 
R1OK 6 
CHARACTERISTIC Alsisd Vpp | _ ums __| units| {EE 
CONDITIONS DD Typ. | Max. | Fae 
Propagation Delay Time: 200 | 400 Bg 
CL to Bit 16 Tap ic 110 | 220 -* 
tpHL tPLH as 90 | 180 Ee 
3-State Output, WE to Bit 75 | 150 af 
16 Tap tpyz, tpLz; tpzH, 40 80 2 
tpz,_ (See Note) 60 J ne 2 ¢ 2 4 6 ae 2 46 tip? 4 8854 






FREQUENCY (f) KHz 
92CS- 32787 






Output Transition Time 


ttHU tTLH Fig. 10—Typical power dissipation as a 


function of frequency. 


100 | 200 
50 | 100 
40 80 














Write Enable-to-Clock 
Setup Time 


6 
“ 






Data-to-Clock 
Setup Time, t, 






Fi 

= 

i 

16 
20 
10 
10 






Minimum Write 
Enable-to-Clock 
Release Time 
Minimum 
Data-to-Clock 
Hold Time, ty 








Minimum Clock Pulse 
Width, ty 







REPETITIVE WAVEFORM 
CLP NT Nef Ne 
c vss 
Sif Ne 


D Vss 
(f=1/2 fo) 
92CS- 32766 
Fig. 11—Dynamic power dissipation test 
circuit and waveforms. 





Maximum Clock Input 






3 
Frequency, for 1 : 
Maximum Clock Input Rise 
or Fati Time, trci tro ae ee UNLIMITED 


Input Capacitance Cy [Any Input | Input ate 


NOTE: Measured at the point of 10% change in output with an output load of 50 pF, RL = 1k2to 
Vpp for tp2,, tpiz and RL = 1k2 to Vgg for tpzy, tpyz- 


‘6 
15 








Vo 





INPUTS Yop ‘pp 
° 
Vss 
INPUTS OUTPUTS INPUTS 
Vin Yoo NOTE: 
+ MEASURE INPUTS 
Pa onal ie One SEQUENTIALLY, 
Vin ‘ > Vss TO BOTH Vpp AND Vgs- 
= CONNECT ALL UNUSED 
INPUTS TO EITHER 
NOTE: = urease Vop OR Vss° 
Vv TEST ANY COMBINATI vi 
vi BS OF INPUTS 8 
SP yess aeatas 92CS-27441R1 9208-27002 
Fig. 12—Quiescent-device-current test circuit. Fig. 13—input-voltage test circuit. Fig. 14—Input current test circuit. 
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Dimensions and pad layout tor CD4517B. 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimen- 
sions ag indicated. Grid graduations are in 
mils (10° inch). 


92CM-32762 


The photographs and dimensions of each CMOS chip 
represent @ chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
Cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mits applicable to the nominal 
dimensions shown. 


CD4517B Types 
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CD4518B, CD4520B Types 
CMOS Dual Up-Counters 


High-Voltage Types (20-Volt Rating) 


Features: 


® Medium-speed operation — 


C04518B Dual BCD Up-Counter 
CD45208 Dual Binary Up-Counter 


The RCA-CD4518 Dual BCD Up-Counter 
and CD4520 Dual Binary Up-Counter each 
consist of two identical, internally synchro- 
nous 4-stage counters. The counter stages are 
D-type flip-flops having interchangeable 
CLOCK and ENABLE lines for incrementing 
on either the positive-going or Nnegative-going 
transition, For single-unit operation the 
ENABLE input is maintained high and the 
counter advances on each positive-going 
transition of the CLOCK. The counters are 
cleared by high levels on their RESET tines. 


The counter can be cascaded in the ripple 
mode by connecting Q4 to the enabie input 
of the subsequent counter while the CLOCK s 
input of the latter is held low. 


The CD4518B and CD4520B types are sup- 
plied in 16-lead hermetic dual-in-line cer- 
amic packages (D and F suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16- 
lead ceramic flat packages (K suffix), and in 
chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


OC SUPPLY-VOLTAGE RANGE, \Vop) 
(Voltages referenced to Vgs Terminal) : 
INPUT VOLTAGE RANGE, ALL INPUTS . 
OC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) 
For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 
For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) . 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPESD,F,K.H , . , |, 
PACKAGE TYPE E fees. ped ge se 
STORAGE TEMPERATURE RANGE (Ts). 
LEAD TEMPERATURE (OURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 105 max. 


; 
$ 
i 
: 
: 
i 
é 





iS 
-TO- rt -v 
ORAIN-TO-SOURCE VOLTAGE (Vos) see-hasions 


Fig. 1 — Typical output iow (sink) current 
characteristics. 
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6-MHz typical clock frequency at 10 V 
Positive- or negative-edge triggering 


100% tested for quiescent current at 20 V 
Maximum input current of 1 1A at 18 V 


over full package-temperature range; 
100 nA at 18 V and 25°C 


s 
® Synchronous internal carry propagation 
a 
a 


® Noise margin(over full package-temperature 


range): 1 Vat Vpp =5 V 
2Vat Vpp = 10 V 
2.5 V at Vpp = 15 V 
5-V, 10-V, and 15-V parametric ratings 
Standardized, symmetrical output 
characteristics 


Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


2 
ENABLE A 


RESETA 
7 


to 
ENABLE B 


Vope'6 
q 


RESET B 
18 Vss 
‘w2CS-20308R1 


CD4518B, CD45208 
FUNCTIONAL DIAGRAM 





Applications: 

® Multistage synchronous counting 
@ Multistage ripple counting 

® Frequency dividers 


TRUTH TABLE 





0.5 to +20 V 
—0.5 to Vop +0.5 V 
tne +10 mA 


etd eget ak) le ey 500 mw 

Derate Linearly at 12 mW/°C to 200 mw 

Se Saetie Sie P cs) ay Son 500 mw 

Derate Linearly at 12 mW/°C to 200 mW 

{All Package Types) 100 mw 
—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


+265°C 


lou? mA 
a 


iS 
z 
H 
3 
H 
2 
5 
is 
3 
5 





DRAIN-TO-SOURCE VOLTAGE (¥pg)—v¥ 
92ce-2erreas 


Fig. 2 — Minimum output low (sink) current 
characteristics, 





(TOP VIEW) 
92¢8~24515 


CD4518B, CD4520B 
TERMINAL ASSIGNMENT 


ORAIN- TO- SOURCE VOLTAGE (Vpg)--v 





S2c5-2a220K9 


Fig. 3 — Typical output high (source) current 
characteristics, 











CD4518B, CD4520B Types 


ORAIN~TO-SOURCE VOLTAGE (Vpg)—V 
fat} 


STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +26, +125 Apply to D, F, K, H Packages 
CHARACTER. Values at —40, +25, +85 Apply to E Package 


UNITS 
vee a 
Ea ivy | -#5 [40 [+08] +128 [min | Typ. | Mex. 


Quiescent Device 
Current, 


i 
é 
2 
: 
: 
: 








[= [ozo] 20, | 100 [700] 
Guputow [oa [os] s [oes ]osr [oar] osefosr| + | — | 
eg A 


for Min. 


92c+2a3ziRe 


Fig. 4 — Minimum output high (source) current 
Output High [5 | . characteristics, 
(Source) 
Current, | 


10.15] 18 | 
Output Voltage: Some 


Low-Level, 


| = forsf is [os 
Output Voltage: ean ee ee 
High-Level, pe.95 | to | - | 


VoH Nin. 











200) 


i | Hall 


fe Te 


oa CAPACITANEE (CL) — pF 
wecs~ 24807 


Fig. 5 — Typical propagation delay vs. load 
capacitance, clock or enable 
to output. 
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Input Current 
in ae Sepp ete 





PROPAGATION DELAY TME Gry .tp_yi—ns 








40 6 8H S81 0 
LOAD CAPACITANCE (CL) —pF 9209-26344 


Fig. 6 — Typical propagation delay time vs. 
load capacitance, reset to ou tout. 






AMBIENT TEMPERATURE (Ty)> 26°C ; 
LOAD CAPACITANCE tte bow 
























i 
a at 4 x 
4 i t 
£ HE g liege Hopes : 
2 a :! 
i Agi TH ae 
i feces a 
= 3 g tp 
i its LES 2c GRE TEL EE EEE F*: 

P iW ‘ 

BRETT Ut : 
LOAD CAPACITANCE (CL l—pF . SUPPLY eames ogy ol e4@ Ly 24 Lor 24 OO nt? a aay ae ye 
4 ‘ as eg be baa FREQUENCY if) — hie s2es- 24808 
Fig. 7 — Typical transition time vs, load Fig. 8 — Typical maximum-clock- frequency Fig. 9 — Typical power dissipation 
capacitance. vs. supply voltage. characteristics, 
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CD4518B, CD4520B Types 


RECOMMENDED OPERATING CONDITIONS at Ty = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


Enable Pulse Width, tw 


Clock Pulse Width, tw 


Clock input Frequency, fo. 


Clock Rise or Fall Time, trCL or t¢CL: 


Reset Pulse Width, tw 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta =26°C; 
Input t,,t7=20 ns, C_=50 pF, Ry =200 KN 


CHARACTERISTIC TEST CONDITIONS LIMITS UNITS 
Yop 

Vv Typ. 
Propagation Delay Time, tpy,. tp_H: 280 | 560 
115 | 230 
Clock or Enable to Output 80 | 160 
330 | 650 
130 | 225 
90 1170 
5 100 | 200 
Transition Time, try. 'TLH 10 50 | 100 
15 40 | 80 





Reset to Output 





425 32 
Minimum Reset Pulse Width, tw 55 }1 
40 


Minimum Enable Pulse Width, tw 
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TEST CIRCUITS 
Yoo 





0.01 pF 
CERAMIC 


4, 4% 820 m9 
Yss va 92CS- 24d1081 


Fig. 10 ~— Dynamic power dissipation. 


Voo 


INPUTS OUTPUTS 


oe + 
Vow T 


NOTE: 
vss TEST ANY COMBINATION 
OF (MPUTS 


92C$-27441n5 


Fig. 117 — Input voltage. 





90S 2740rR) 


Fig. 12 — Quiescent device current test circuit. 


v 


INPUTS. 

Vop NOTE 

So) MEASURE INPUTS 

° SEQUENTIALLY, 

Vsg TO BOTH Vip AND Veg: 
CONNECT ALL UNUSED 
(NPUTS TO EITHER 
Von OF Ves, 

Vss 


9205-27002 


Fig. 13 — Input leakage-current test 
dircuit. 














CD4518B, CD4520B Types 







Fig, 14 — Decade counter (CD4518B} logic diagram 


for one of two identical counters. 














92CM-23772R3 


* ALL INPUTS PROTECTED BY vi 
COS/MOS PROTECTION Ss 
NETWORK 


a a2 a3 
Osm Oana O sna O6ra 


Fig. 15 — Binary caunter (CD45208) logic diagram 
for one of two identical counters. 
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THs 




















Yoo 
* 
ENABLE O—: 
270 
* 
Lock O-d 
ALL INPUTS PROTECTED BY 
920M-23773R3 COS/MOS PROTECTION Veg 
NETWORK 


co4sie 





Fig.16 — Timing diagrams for CD4518B and CD45208. 
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CD4518B, CD4520B Types 








QIA_Q2A Q3A_ O48 





c 
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TLOGK ENABLE RESET] 
8 8 8 
QIB Q28 Q3e Q4B 

wal iat ial 


92cm ~24011Rt 


| 
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Fig.17 — Ripple cascading of four counters with positive edge triggering. 
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FOR SYNCHRONOUS CASCADING,THE CLOCK TRANSITION 
TIME SHOULD GE MADE LESS THAN OR EQUAL TO THE 
SUM OF THE FIXED PROPAGATION DELAY AT !5 pF AND 
THE TRANSITION TIME OF THE OUTPUT DRIVER STAGE 
FOR THE ESTIMATEO CAPACITATIVE LOAD. 





2 3] = | 

CLOCK ENABLE RESET CLOCK ENABLE RESET} | 

A A rs 8 8 a | f 

QIA_Q2A Q3A 04a QIB_a2B 038 048 | 

my K) 7 nf ey ay 14] | 
coo 7 co4s20 I Cane aa 





92cm—24512R1 


Fig. 18 — Synchronous cascading of four binary counters with negative edge triggering. 
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Dimensions and pad layout for CD4518BH chip. 


Oimensians in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils { 10-3 inch). 
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+ * [ra rig 
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85 - 
(2.189-2 








4-2 387 
(2.134-2.337) gnc ss092 


Dimensions and pad layout for CD4520BH chip. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
Cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CMOS BCD Rate 
Multiplier 


High-Voltage Types (20-Voit Rating) 


The RCA-CD4527B is a low-power 4-bit digi- 
tal rate multiplier that provides an output- 
pulse rate which is the clock-input-pulse rate 
multiplied by 1/10 times the BCD input. For 
example, when the BCD input is 8, there will 
be 8 output pulses for every 10 input pulses. 
This device may be used to perform arith- 
metic operations (add, subtract, divide, raise 
to @ power), solve algebraic and differential 
equations, generate natural logarithms and 
trigonometric functions, A/D and D/A con- 
version, and frequency division. 

For fractional multipliers with more than one 
digit, CD4527B devices may be cascaded in 
two different modes: the Add mode and the 
Multiply mode. (See Figs.12 and 15). In the 
Add mode, 


Output Rate = 
0.1 BCD) +0.01 BCD2 + 
pea Re BCD3+---. ] 


tn the Multiply mode, the fraction program- 
med into the first rate multiplier is multiplied 
by the fraction programmed into the second 
one, 


Lares = al or 36 output 


es * 
10 10 100 
pulses for every 100 clock input pulses. 


e.g. 


The CD4527B types are supplied in 16-lead 
ceramic dual-in-line packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 


Applications: 

@ Numerical controt 
Instrumentation 
Digital filtering 
Frequency synthesis 





“9 out le Yoo 
¢ 2 8 
o-43 A 
SET To"9" 44 CLEAR 
out 5 CASCADE 
our 16 INHIBIT IN 
WHnBiT OUT 7 Staowe 
Mi 
gs 718 CLOCK 
TOP VIEW 
9205-24914 
TERMINAL ASSIGNMENT 








CD4527B Types 


Features: 
® Oascadable in multiptes of 4-bits 


BCD 
Set to “9” input and “9” detect output seuecr 
INPUTS 


r) 
& 100% test for quiescent current at 20 V a BC y) PE TROBE 
a 

a 


5-V, 10-V, and 15-V parametric ratings fe REET Gee 
Standardized, symmetrical output 
characteristics 

® Maximum input current of 1 1A at 18 V over 
full package-temperature range; 100 nA at 
18 V and 25°C 

& Noise margin (full package-temperature 

range) = 


INMOBIT 
CARRY DIN H 


3} amazcon 


me INHIBIT (CARRY) OUT 
4PCS 24909 RI 


Yoo" 16 
1VatVpp= 5V Vgsr® 
2VatVpp=10V 

2.5 V at Vpp = 15 V 
= Meets all requirements of JEDEC Tentative 
Standard No.13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, {Vpp) 


FUNCTIONAL DIAGRAM 





(Voltages referenced to Vgg Terminal} : —0.6 to +20 V 
(INPUT VOLTAGE RANGE, ALLINPUTS . ~0.5 to Vop +0.5 V 
OC INPUT CURRENT, ANY ONE INPUT . . +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40 to +60°C (PACKAGE TYPE E) Ba yal Go peas Mar TA es 500 mw 

For Ta = +60 to +85°C (PACKAGE TYPEE) . . Derate Linearly at 12 mW/°C to 200 mw 

For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mw 


For Ta= +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H 

PACKAGE TYPEE ....... 
STORAGE TEMPERATURE RANGE (Tse) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. . 


100 mw 

—556 to +125°C 
—40 to +85°C 
-65 to +150°C 


+265°C 


RECOMMENDED OPERATING CONDITIONS AT Ta = 259°C, Except as Noted. 


For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges: 


Set or Clear Pulse Width, rw 


Clock Pulse Width, tw 


Clock Frequency, fc 


Clock Rise or Fall Time, is 


or t{CL 


Inhibit In Setup Time, tsu 


Inhibit In Removal Time, tREM 


Set Removal Time, trey 


Clears Removal Time, trem 

















CD4527B Types 





STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K,H Packages 





AMBIENT TEMPERATURE (Ta)e 25 °C. 
CEE 
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€ 
RA 
CHARACTER- Values at —40, +25, +85 Apply to E Package a GATE-TO-BOURCE VOLTAGE (Vgsh=I5 V 
ISTIC B a 
Z H 
Quiescent Device | 0.04 | : 6 uy 
Current, | 0.04 | g 
top Max. [0.04 | : : 
2 
a4 Sy 
Output Low ° 5 © ry 


(Sink) Current 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
gen 248k 


Fig.1 — Typical output tow (sink} 


Output High current characteristics. 


(Source) 
Current, 





eae 








AMBIENT TEMPERATURE (Ta}=25 °C 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































+ +} t 
4 
Output Voltage: & HAH 
Low-Level, prem escecteetee 
VoL Max. S sttittt GATE -TO-SOURCE VOLTAGE (Vggleis 
v Fae teed t itt 
Output Voltage: § see Ht 
. cs, ih 
High-Level, fe THT t rt 
v Mi zs Hytt Ov 
a 
OH Min. 2 + 
35 
Input Low 5 
Voltage, 5 as 5V 
Vit Max. ° 
° 5 Cy 1S 
Input High 4 ORAIN-TO- SOURCE VOLTAGE (Vos)—V 
Vv ia ss id ‘92S - 2031981 
oltage, 
Vin Min. 15,135 Fig.2 — Minimum output low (sink) 
Soh current characteristics. 
Input Current 
lin Max. 
DRAIN-TO-SOURCE VOLTAGE {Vp5)—V DRAIN-TO-SOURCE VOLTAGE (Vps)—V Fepusient TEMPERATURE (Ta )= 25°C. +H 
-§ =10 “5 oO =15 ~10 8 o 4 i : if 
AMBIENT TEMPERATURE (Tale2s*C AMBIENT TEMPERATURE (Tal? 25°C 3 fd { ae yy GZ 1 
; A auere b-. 4 ibd a 
GATE-TO-SOURCE VOLTAGE (Vgs)*-8V 5 3 GATE BS sAPARHAASRAS ESS (ogh -3 ¥. r ie ot & oe 
4 \ l EET it44 
Ei : % ee eaas patey Hi 
Ho H Hs e Pimp Ee | 
z HEE Ht HH 5 8 tt £ "7 
is © a w eS ey 
4 at ¢ & & Og & 4 t 4 
s is 5 = 8 ima 
a = 4 Feil ~10v 3 mR 16 4 HH 
10) -20%0 Ss g 4 
3 HF Sizes 8 be 
& bet t ot t+ fe [nd 
2 oceans scHesecseccceseceeeccce®: 2 Ss ol S.00er 
HH ae EEE seas pas fi a @ 10% Liters pr +——4 
Fd {3 ms v4] x 6 {| + Eri 
ciBV soz Hat HTH $ ‘ 
. 4H As 2 t | 
2 + suse 5 T 
& 5 Heit Thy 3 rT & Jo} | aah 
} eB ttt 2 466 2 466 2 2 4 
6 HH Hy Ht pisuee tt 1 at a ‘ 0 jor” * SF ios! Foe * 8868 
4 A INPUT FREQUENCY (fy) kHz 
g2cs- "432089 g2es-2a s2inz e2cs- 29188 
Fig.3 — Typical output high (source} Fig.4 ~ Minimum output high (source) Fig.5 — Typical dynamic power dissipation as a 
current characteristics. current characteristics. function of input frequency. 
AMBIENT TEMPERATURE (Ta }*25°C 
2 
' Mt 2 
es wy t 
ba] Kr) a 
ca ie = 
a Bre 5 
z LN = y, 
e _ 
ex Sure Zz re 
4 = 
Ea = INPUTS 
Y w uy 
me ‘9 z 
y Zz Yop _ NOTE: 
ry 3N z N= MEASURE (NPUTS 
. 8 ° SEQUENTIALLY, 
2 $ Vss ea TO BOTH Vpp AND Vgg: 
FH 3 — CONNECT ALL UNUSED 
& INPUTS TO EITHER 
ie Voo OR Veg 
Vss 
LOAD CAPACITANCE (CL)— pF EGS ET40? 
gece = bale 4 LOAD CAPACITANCE (C)—pF a2cs- 24322 
Fig.6 — Typical propagation delay time as a Fig.7 — Typical transition time as a function of Fig.8 — Input current test circuit. 
function of load capacitance (Clock foad capacitance. 


or Strobe to Out). 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C: 
Input t,.tf = 20 ns, Cy = 50 pF, Ry = 200 kQ 









CHARACTERISTIC 


















Propagation Delay Time, tPHL, tPLH 
Clock to Out 


Clock or Strobe to Out 


Clock to Inhibit Out 
High Level to Low Level 


Low Level to High Level 


Clear to Out 


Clock to 9" or “15” Out 


Cascade to Out 


ee = 


Inhibit In to Inhibit Out 


Set to Out 


Transition Time, THU tTLH 


Maximum Clock Frequency, fot 10 











Minimum Clock Pulse Width, tw 


Clock Rise or Fall Time, toy, tec 


Minimum Set or Clear Pulse Width, tw 


Minimum Inhibit {n Setup Time, tsu 


Minimum Inhibit In Removal Time, 







CD4527B Types 


Yoo 
INPUTS ouTPUTS 
Vow 
—— + 
° = 
Yuu ae 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS 
920S$-2 74418) 


Fig.9 — Input voltage test circuit. 


Yoo 





92C5- 27401RI 


Fig.10 ~— Quiescent device current test circuit. 
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Fig.11 — Dynamic power dissipation test circuit. 


APPLICATIONS 


MOST SIGNIFICANT LEAST SIGNIFICANT 
OIGIT DIGIT 












O1234567890:1:2345678390 
CLOCK 

Out 

DRM 





TIMING DIAGRAM SHOWING ONE OF FOUR OUTPUT 
PULSES CONTRIBUTED BY ORM (TO OUTPUT FOR 
EVERY 100 CLOCK PULSES IN FOR PRESET No.94. 


9268-24917 RI 


Fig.12 — Two CD45278’'s cascaded in the “Add” 
Mode with a preset number 


9 4 94 
of 94( 55+ 700" joo.) 
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Fig.13 — Logic diagram. 
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Dimensions and Pad Layout for CD45278H 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch), 
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The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, tne angle of 
cleavage may vary with respect to the chip face for 
different chips. The ectuai dimensions of the isolated 
chip, therefore, may differ slightly trom the nominal 
dimensions shown. The user should consider a tolerance 
of ~3 mils to +16 mils applicable to the nominal 
dimensions shown. 


o12348 676901234 
CLOCK 


OUTPUT (PIN 6) 
& ENABLED 
B ENABLED j l J | f l 
© ENABLED fl fl Ih j fl fl 
INK. OUT | j 
OUPUT (PING) | 
(PRESET Ne. OF 1) 


{PRESET No OF 2) fl Nl | fl 


(PRESET No. OF 3) fh jl fu fl Wl 
{PRESET No. OF 4) fl fl q fl Hl jl 


(PRESET No. OF 5} jl mW nl | jl 1 


(PRESET Ho. OF 8) PULA, LA Hh 


{PRESET No. OF 7) TUL tail uu 


} 


{PRESET No. OF 9) UU stately 


b secm-z2acis 


Fig.14 — Timing diagram (See Logic Diagram). 





w2C8-24916 


Fig.18 — Two CD4527B’'s cascaded in the 
“Multiply” mode with a preset number 


ia (20 Se 36 
° 10" 100 } 

















CD4527B Types 


TRUTH TABLE 


INPUTS OUTPUTS 


Number of Pulses or Number of Pulses or 
Input Logic Level Output Logic Level 
(0 = Low; 1 = High; X = Dan’t Care) (L = Low: H = High) 


STR T OuT|{ OUT | INH | “9” 
OUTIOUT 


fe) 
SS aa 
bes] 
Ei 


0 
0 
0 
(0) 
0 
0 
0 
0 





qgQoeoolricooco|]scoo o 


eoooo 


eooo;rocaoioodce 


ooofjocoocoofjcoa aofjcoo oO ft 


ooooctioocse 


oo co 





jecelene [eoes 


* Output same as the first 16 lines of this truth table (depending on values of A, B,C, D). 
Depends on internal state of counter, 

#Clear and Set Inputs should not be high at the same time; device draws increased quies- 
cent current when in this non-valid state. 
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CD4532B Types 


CMOS 8-Bit Priority 
Encoder 


High-Voltage Types (20-Volt Rating) 


The RCA-CO4532B consists of combination- 
at logic that encodes the highest priority 
input (D7-DO) to a 3-bit binary code. The 
eight inputs, 07 through DO, each have an 
assigned priority; D7 is the highest priority 
and DO is the lowest. The priority encoder is 
inhibited when the chip-enable input E, is 
low. When E; is high, the binary representa- 
tion of the highest-priority input appears on 
output lines Q2-00, and the group select 
line GS is high to indicate that priority inputs 
are present. The enable-out (EQ) is high 
when no priority inputs are present. If any 
one input is high, Eg is low and all cascaded 
lower-order stages are disabled. 


The CD4532B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 
@ Converts from 1 of 8 to binary 


@ Provides cascading feature to handle any number of inputs 
® Group select indicates one or more priority inputs 
® Standardized, symmetrical output characteristics 


® 100% tested for quiescent current at 20 V 
@ Maximum input current of 1 ZA at 18 V 
over full package temperature range; 
100 nA at 18 V and 25°C 


® Noise margin (full package-temperature 
range): 
1Vat Vpp =5V 
2Vat Vpp =10V 
2.5 V at Vpp = 15 V 
@5-V, 10-V, and 15-V parametric ratings 
® Meets all requirements of JEDEC Tentative 
Standard No. 13A, ‘Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 


® Priority encoder 
® Binary or BCD encoder (keyboard encoding) 
# Floating point arithmetic 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


OC SUPPLY-VOLTAGE RANGE, (Vpp} 
(Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 


0.5 to +20 V 








0.5 to Vop *0.5 V 


DC INPUT CURRENT, ANY ONE INPUT . +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) e, rine 1 Gar pe Avene, BS 500 mw 
For Ta = +60 to +85°C (PACKAGE TYPE E) |. Derate Linearly at 12 mW/°C to 200 mW 
For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 500 mW 


For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) - Derate Linearly at 12 mW/°C to 200 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, H i Pk erase 

PACKAGE TYPE E ioe dS gate “h 
STORAGE TEMPERATURE RANGE (Ts¢q) 


LEAD TEMPERATURE (DURING SOLDERING): 


100 mw 


—55 to +125°C 
—40 to +85°C 
—65 to +150°C 











































































































































































































At distance 1/16 + 1/32 inch (1.59 0.79 mm) from case for 10smax. . . 2 2 1. +265°C 
[__ [AMBieNT TEMPERATURE (Tai- 25°C been TEMPERATURE iti 
We 

r-3 4 

€ 
a ' 

ir 
B30 GATE-TO-SOURCE VOLTAGE (Vgg)*I5 V 2 TET TTA 
y + _ VOLTAGE (¥gg)}*15¥: 
§ 2s} Z! eehbe t 
< + 3 
3 1 5 
= 20 Ht 3 
~ 1OoVv. Pa 
F x 
s 8 i 
& 1 s¢uesesi 
2 BERR te 
z 7 HiT 
3 5 $v 5 Bvt 

o 

° 3 10 5 


ORAIN- TO-SOURCE VOLTAGE ivps)—v 


9205 pasrges 


DRAIN-TO-SQURCE VOLTAGE (Vps)~V 


gece pases 


Fig. 1 — Typical output tow (sink) current 
characteristics. 


Fig. 2 — Minimum output tow (sink) current 
characteristics. 
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PRIORITY 


SELECT 


9205 26360 


FUNCTIONAL DIAGRAM 





RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating condi- 
tions should be selected so that operation is always 
within the following ranges. 


Supply Voltage 
Range (for Ty= 
Full Package 
Temp. Range) 


@ Oa,Uneg 
NMOS e 


(TOP VIEW} 


92CS-24596AL 
TERMINAL ASSIGNMENT 


ORAIN- TO-SOURCE VOLTAGE (Vpsg)—V 
=10 -$ © 





=15 
AMBIENT TEMPERATURE (Tq)=25°C 
tebe ed + 
GATE-TO-SOURCE VOLTAGE (Vgs)+- $V 
+ 4 


He 


aE a iH 0 
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OUTPUT HIGH (SOURCE) CURRENTIL oH) ~ mA 
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4203 2asce: 


ae 















































Fig. 3 — Typical output high (source) current 
characteristics. 











STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 
CHARACTER- Values at —40, +25, +85 Apply to E Package 


IsTic 
[=a [a0 [05 [8 


>< 
<9 
~— oO 


> 
on 
oO 


Quiescent Device 
Current, 
Ipp Max. 


Output Low 
(Sink) Current 
lov Min. 


Output High 


| - | 
pe 
ae 
aa 
; 0.4 | 
| 05 | 
[15 | 
| 46 | 
(Source) 
| 9.5 | 
oe 
es 
ae 
Bea 
Loe 
[ 0.5. 4.5 | 


Current, 
1oH Min. 


= 
oO 
= 
oO 


Output Voltage: 
Low-Level, 
VoL Max. 


Output Voltage: 
High-Level, 
VOH Min. 


°o => < 
= <s 


Input Low 
Voltage, 19 
Vimee pees 


Input High 
Voltage, 
VIH Min. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tp=25°C; C,=50 pF, 
Input t,,te= 20 ns, Ry =200 KQ 


TEST CONDITIONS LIMITS 
CHARACTERISTIC ALL TYPES 
Propagation Delay Time tpy_, tpLH 


E; to Eo, E} toGS 


E; to Qm, Dn to GS 


Transition Time try, trLH 


Input Capacitance Cin 








CD4532B Types 


DRAIN-TO-SOURCE VOLTAGE (Vps)—' 
=(5 ~10 -§ 7] 
AMBIENT TEMPERATURE (Tal?25°C 


GATE -TO-SOURCE VOLTAGE (Vgg)* -5 V 



































-i0v. 



























































JUTPUT HIGH (SOURCE) CURRENT(L OH)— mA 
sel = 





















































9204-24 s21R2 


Fig. 4 — Minimum output high (source) current 
characteristics, 
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92S ~ 26362 
Fig. 5 — Typical propagation delay {Dn to Qm) 
vs. supply voltage, 


AMBIENT TEMPERATURE (T,)* 25°C 
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LOAD CAPACITANCE {C,)— pF s2cs-26303 


Fig. 6 — Typical propagation delay {E; to GS, E; to Eo) 
vs. load capacitance. 









































































































































































































































AMOIENT TEMPERATURE (Tale 25°C 
f 
L 
3 HTH 
i: a6¥ 
= 00? 
oe 
£ quent! WOLTA tt oe 
Ei eeeae 
a = Ct t 
% 150} - 4 
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= roy iH 
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LOAD CAPACITANCE (CL) — pF 92c8-26364 


Fig. 7 — Typical propagation delay (Dn to Qm) 
vs. load capacitance. 
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CD4532B Types 


NT TEMPERATURE (T,)¥25°C) 









TRANSITION THE (17 y95.-T7LH)— m0 


EF ae 
rst i 14 
Er RH EEE ki 
0 2% 648 80100 

LOAD CAPACITANCE (Cy mer 92CS-24327 
Fig.9 — Typical transition time vs. 

load capacitance. 



































DYNAMIC POWER DISSIPATION (Pp) — pW 

















FREQUENCY (f)— kh 


9208-26365 





Fig.10 — Typical dynamic power dissipation 










Vo S2CL~2636iRt . vs. frequency. 
¥ 
“ALL INPUTS PROTECTED BY ? 
COS/MOS PROTECTION NETWORK 
ss 
INPUT 
F FREQUENCY ® 
Fig. 8 — CD4532 togic diagram. (ty, ty "20 na) 


TRUTH TABLE 


92C3~Ze300RT 
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Fig.f 1 — Dynamic power dissipation 
test circuit. 


je 28 
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peselee eae 
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X = Don't Care Logic 1 = High Logic 0 = Low 


Fig.12 — Quiescent device current test circuit. 
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Yoo 


INPUTS QuTPUTS 


7 é @ 
Vou + 


NOTE: 
TEST ANY ONE INPUT, 
Vss WITH OTHER INPUTS AT 
Vop Of Vg: 


92C5- 27400R! 


Fig. 13 — Input voltage test circuit. 


INPUTS. 

Yoo NOTE 

h(E MEASURE INPUTS 

° SEQUENTIALLY, 

Ves TO BOTH Vop ANO Vgs 


CONNECT ALL UNUSED 
INPUTS TO EITHER 


Vo OF Veg 
Vss 


#2C8- 27802 


Fig. 14 — Input current test circuit. 















































o- 
hoe 4-10 
(0.102 - 0.284) 
72 


-80 
{1.829 - 2.032) 


92CS-26337R1 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 1073 inch). 

The photographs and dimensions of gach CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightiy from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD45328H. 
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APPLICATIONS 


a3’ 
8 
6s' 
07 Q2' 
' 
| 
| ‘ 
al 
| 
| 
bo 





92CS~ 26369R1 


Fig.15 — 16-tevel priority encoder. 
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TRUTH TABLE 
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= Don't Care Logic 1 = High Logic 0 = Low 


Fig.16 — 0-to-9 keyboard encoder, 
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CD4536B Types 


CMOS Programmable Timer 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4536B is a programmable timer 
consisting of 24 ripple-binary counter stages. 
The salient feature of this device is its 
flexibility. The device can count from 1 to 
2?4 or the first 8 stages can be bypassed to 
allow an output, selectable by a 4-bit code, 
from any one of the remaining 16 stages. It 
can be driven by an external clock or an RC 
oscillator that can be constructed using on- 
chip components. Input IN1 serves as either 
the external clock input or the input to the 
on-chip RC oscillator. OUT1 and OUT2 are 
connection terminals for the external RC 
components. In addition, an on-chip mono- 
stable circuit is provided to allow a vari- 
able pulse width output. Various timing 
functions can be achieved using combi- 
nations of these capabilities. 


A logic 1 on the 8-BYPASS input enables a 
bypass of the first 8 stages and makes stage 9 
the first counter stage of the last 16 stages. 
Selection of 1 of 16 outputs is accomplished 
by the decoder and the BCD inputs A, B,C 
and D. MONO IN is the timing input for the 
on-chip monostable oscillator.. Grounding of 
the MONO IN terminal through a resistor of 
10K ohms or higher, disables the one-shot 
circuit and connects the decoder directly to 
the DECODE OUT terminal. A resistor to 
Vpp and a capacitor to ground from the 
MONO IN terminal enables the one-shot cir- 
cuit and controls its pulse width. 


A fast test mode is enabled by a logic 1 on 
8-BYPASS, SET, and RESET. This mode 


Features: 


® 24 flip-flop stages —— counts from 2° to 224 
™ Last 16 stages selectable by BCD select code 


© Bypass input allows bypassing first 8 stages 
®" On-chip RC oscillator provision 
® Clock inhibit input 


® Schmitt-trigger in clock line permits operation with very 


long rise and fail times 

® On-chip monostable output provision 

®@ Typical fet = 3 MHz at Vpp = 10 V 

® Test mode allows fast test sequence 

= Set and reset inputs 

= Capable of driving two low power TTL 
toads, one lower-power Schottky load, or 
two HTL loads over the rated temperature 
range 

® Standardized, symmetrical output charac- 
teristics 

© 100% tested for quiescent current at 20 V 

=5-V, 10-V, and 15-V parametric ratings 

= Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifi- 
cations for Description of ‘B’ Series 
CMOS Devices” 





divides the 24-stage counter into three 8-stage 
sections to facilitate a fast test sequence. 


The CD4536B types are supplied in 16-lead 
hermetic. dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
Suffix). 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vgg Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS . 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = ~40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) 


For T, = ~55 to +100°C (PACKAGE TYPES D, F, K) 

For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types} 


OPERATING. TEMPERATURE RANGE (Ta): 


PACKAGE TYPES D,F,K,H.........-.2. 
PACKAGE TYPEE............00- 


STORAGE TEMPERATURE RANGE (Tyeq) 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. 


‘ 0.5 to +20 V 
~0.5 to Vpp +0.5 V 
5 +10 mA 


bes Bia Mee ie Ne et ahs oie 500 mw 
Derate Linearly at 12 mW/°C to 200 mw 


SON, Blt iE pte eae hoa: Mia 500 mw 


100 mW 


Soe PE LE A oe ae Rae -55 to +125°C 
ge Rae EE Aas Sa Sa ae Ee -40 to +85°C 


65 to +150°C 


+265°C 


9208-31718 


FUNCTIONAL DIAGRAM 





RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range 
(For Ta = Full 
Package Temperature 
Range) 






DECODE OUT SELECTION TABLE 







NUMBER OF STAGES IN 
OIVIDER CHAIN 


8-BYPASS = 0]8-BYPASS = 1 


7 
18 
19 







eooooc|cooco 


0= Low Level 


1 = High Level 
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CD4536B Types 


STATIC ELECTRICAL CHARACTERISTICS AMBIENT TEMPERATURE (Tal-25 °C 
LIMITS AT INDICATED TEMPERATURES (°C) 


Values at -55, +25, +125 Apply to D, F, K,H Packages 
Values at —40, +25, +85 Apply to E Package 



























CHARAC- 
TERISTIC 


CONDITIONS 


$ 








GATE-TO-SOURCE VOLTAGE {Vgg)}#15 V 




































Fig. 2—Typical output low {sink} current 
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AMBIENT TEMPERATURE (Ta)e25 °C 
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Fig. 4—Typical output high (source) current 
8-BYPASS characteristics. 
Oo 
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92C8-24921N2 
Fig. 1 - Functional block diagram. Fig. 5—Minimum output high {source) current 
characteristics. 
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CD4536B Types 
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Ry 
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B2CL-31725 


Fig.6 - Logic diagram for CD4536B [continued on next page). 
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CD4536B Types 


DETAIL FOR 
FF3~-8, I-16,17~-26 








CLENICLojs FOR FF9 ANDFF25) DETAIL FOR 
FFI, FF2,FFIO,FFS, FF25 





FF2,10 
FF OS 


jPrrt ‘AS SHOWN EXCEPT Q NOT SROUGHT OUT 
FFQ:SAME AS FFI EXCEPT Q IS BROUGHT OUT AND @, 0 GO TO 
TGt AND TGe RESP. 


FF2; FFIO: DELETE TGe,TGt, AND INV, FEED Q TO 0; 
DELETE ClLen ,Clois 
; Mest AND INVd BECOME 2-INPUT NAND GATES, WITH 


ODED INPUTS 5, FEED Q TO TGt,\Ves TO TGe 





ee | PREVIOUS Q INPUT, DELETE 0 OUTPUT. 





OOD ONr® 
C (i 


92CL~3I725R1 


Fig.6 - Logic diagram for CD4536B [continued from previous page). 
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CD4536B Types 













































































































































































Fig. 7—Typical propagation delay time as a function 
of load capacitance (CLOCK to Q,, 
8-BYPASS high). 


DYNAMIC ELECTRICAL CHARACTERISTICS, at Tq = 25°C, Input t,, ts =20 ns, [2] AMBIENT TEMPERATURE (Ta) =25°C 
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‘PHL tPLH 16 
0.6 1. ° 20 40 60 60 
Clock to Q16, TPHL tPLH 5 LOAD CAPACITANCE {CLI—OF es saree 
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Reset to Q, 
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Transition Time, ttHe tTLH 100 im 
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Fig. 8—Typical propagation delay time as a function 
of load capacitance (CLOCK to Q r 
8-BYPASS low). 
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Maximum Clock Pulse Input 5,10,15 |S AMBENT TEMPERATURE (Ta) ~25°C 
Rise or Fall Time, tr, te us i : 
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Vss 4 Fig. 9—Typical propagation delay time as a 
TOP VIEW 92cs-31716 function of load capacitance (CLOCK 
Terminal Assignment to Qyg, 8-BYPASS high). 
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Fig. 10--Typical propagation delay time as a 
function of load capacitance (Qy to 
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Fig. 13—-Typical RC oscillator frequency devia- 
tion as a function of ambient temper- 
ature (Rg = 0). 
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EXTERNAL CAPACITANCE (Cy)~pF  92cs- 32777 
Fig. 16—Typical pulse width as a function of 
external capacitance (Vpp = 10 V). 
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92cs- 32778 


Fig. 17—Typical pulse width as a function of 
external capacitance (Vpp = 15 V). 











AMBIENT TEMPERATURE (Ta) = 25°C 
EXTERNAL RESISTANCE (Re) = 5642 
SO! EXTERNAL CAPACITANCE (Cy) = 1000 pF 
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Fig. 11—Typical RC oscillator frequency de- 
viation as a function of supply 




















































































































voltage. 
VOOR yc * SERA 
RE *120%R 
e 7.5! cx = 1000 pF 
beeues maseenns 
(Vpp} + $V 

| so : oo) 8 
3 . ise 
zZ 25) HE out Ne 
2 HEEEH enh 10 Vv. 
< pea ERS 
S oFHISV iS Vv 
a + 
° 10. V 
9-25 
3 
B -soht SY 
& 

-78 

=100} é 

-50 ° $0 100 180 
AMBIENT TEMPERATURE (Ta) — °C seCh<sa778 


Fig. 14—Typical RC oscillator frequency devia- 
tion as a function of ambient 
temperature (Rg = 120 kQ). 








FUNCTIONAL TEST SEQUENCE 


Test Function (Figure 23) has been in- 
cluded for the reduction of test time re- 
quired to exercise all 24 counter stages. 
This test function divides the counter into 
three 8-stage sections and 255 counts are 


Functional Test Sequence 
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Fig. 12—Typical RC oscillator frequency devia- 
tion as a function of time constant 
resistance and capacitance. 
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Fig. 15—Typical pulse width as a function of 
external capacitance (Vpp = 5 V). 






Ail 24 steps are in Reset mode 






Counter is in three &stage section in 
paraliel mode 
First “1” to “O" transition of clock 











255 “4” to “O” transitions are clocked in 
the counter 


The 255 “1” to “0” transition 


ounter converted back to 24 stages in 
series mode 
Set and Reset must be connected 
together and simultaneously go from “1” 
to “O” 
ounter Ripples from an all “1” state to 
an all “0” state 

















loaded in each of the 8-stage sections in 
parailel. Alf flip-flops are now at a “1”. 
The counter is now returned to the normai 
24-steps in series configuration. One 
more pulse is entered into Inq which will 
cause the counter to ripple from an all “1” 
state to an all “0” state. 
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Fig. 18-—Typical transition time as a function 
of load capacitance. 












































PULSE INPUT FREQUENCY (kHz) 92cs~- 32779 
19 —Typical dynamic power dissipation as a 
function of input pulse frequency. 






0.01 pF 


92CS-32785 


Fig. 20—Dynamic power dissipation test cir- 
cuit and waveform. 


9203-32780 


Fig. 21—Switching time test circuit. 


TRUTH TABLE 





Advance 
to Next 


Advance 
to Next 
State 


0 = Low Level 1= High Level X = Don't Care 





‘TH —l 


92CS-32782 
Fig. 22—input waveforms for switching-time 
test circuit. 





Fig. 23—Functional test circuit. 


Yop 


INPUTS 

Yop NOTE: 

wo-G)> MEASURE INPUTS 

° SEQUENTIALLY, 

Vss TO BOTH Vpp AND Vsg: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vop OR Vss- 

Vss 92CS- 27402 


Fig. 24—Input-current test circuit. 


Yoo 
INPUTS OUTPUTS 
Vin 
Noe + 
©; = 
Vou I 
NOTE: 
Vs TEST ANY COMBINATION 
OF INPUTS 
92CS-27441RI 


Fig. 25—Input-voltage test circuit. 


Yoo 





9205- 27401R1 
Vss 
Fig. 26—Quiescent-device current test circuit. 
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Fig. 27—Time interval configuration using 
external clock; set and clock inhibit 
functions. 


APPLICATIONS 


Yoo 


OuTI 


OuT2 


Fig, 28-—Time interval contiguration using ex- 
ternal clock; reset and output mono- 
stable to achieve a pulse output. 
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Fig. 29-—Time interval contiguration using on- 
chip RC oscillator and reset input to initiate 
time interval. 


fe 38 min 





CLOCK 


ocaa 
0000(+2) 
O00K+4) 
0010(+8) 


AL nore: 





SHADED PULSE REPRESENTS DECODE OUTPUT 
IN MONOSTABLE MODE. IF AN OUTPUT PULSE 
!S REQUIRED | FULL—COUNT—DOWN AFTER 

REMOVAL OF RESET PULSE,SEE FIG. 31 FOR 
USE OF CD4096B. 


Fig.31 —CD4536B Timing Diagram. 


OUTPUT 
cb409868 


9208-32784 


Fig.30 — Application showing use of 
CD4098B and CO4536B to get 
decode pulse 8 clock pulses 
after Reset pulse. 








Dimensions and pad iayout for CO4536BH. 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimen- 
sions 4s pdicated. Grid graduations are in 
mils (10° inch). : 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the weler, When the 
wafer is separated into individual chips, the angie of 
cle. @ may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may difter slightly trom the nominet 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4538B Types 


CMOS Dual Precision 
Monostable Multivibrator 
High-Voltage Types (20-Volt Rating) 


Features: 

= Retriggerabie/resettable capability 

8 Trigger and reset propagation delays 
independent of Ax, Cx 

® Triggering from leading or trailing edge 

= Q and Q buffered outputs available 

= Separate resets 

@ Wide range of output-pulse widths 

= Schmitt trigger input allows unlimited 
rise and fall times on +TR and —TR inputs 


The RCA-CD4538B dual precision monostable multivibrator 
provides stable retriggerable/resettable one-shot operation 
for any fixed-voltage timing application. 


An external resistor (Rx) and an external capacitor (Cx) 
control the timing and accuracy for the circuit. Adjustment 
of Rx and Cx provides a wide range of output pulse widths 
from the Q and Q terminals. The time delay from trigger 
input to output transition (trigger propagation delay) and 
the time delay from reset input to output transition (reset 
propagation delay) are independent of Rx and Cx. Precision 
control of output pulse widths is achieved through linear 
CMOS techniques. 


Leading-edge-triggering (+TR) and trailing-edge-triggering 
(-TR) inputs are provided for triggering from either edge of 
an input pulse. An unused +TR input should be tied to Vss. 
An unused -TR input should be tied to Voo. A RESET (on 
low level) is provided for immediate termination of the 
output pulse or to prevent output pulses when power is 
turned on. An unused RESET input should be tied to Voo. 
However, if an entire section of the CD4538B is not used, its 
inputs must be tied to either Voo or Vss. See Table I. 


In normal operation the circuit retriggers (extends the 
output pulse one period) on the application of each new 
trigger pulse. For operation in the non-retriggerable mode, 
Q is connected to -TR when leading-edge triggering (+TR) 
is used or Q is connected to +TR when trailing-edge 
triggering (-TR) is used. The time period (T) for this 
multivibrator can be calculated by: T=RxCx. 


The minimum value of external resistance, Rx, is 4KQ. The 
maximum and minimum values of external capacitance, Cx, 
are 100 uF and 5000 pF, respectively. 


The CD4538B types are supplied in 16-lead hermetic duai- 
in-line ceramic packages (D and F suffixes), 16-lead dual- 
in-line plastic packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H suffix). 


The CD4538B is similar to type MC 14538 and is pin-for-pin 
compatible with the CD4098B. 





92c$~24253R1 


CD4538B 
Functional Diagram 





100% tested for maximum quiescent 
current at 20 V 
Maximum input current of 1 pA at 
18 V over full package-temperature 
range, 100 nA at 18 V and 25°C 
Noise margin (full package-temperature 
range): 1 V at Voo=5 V 

2 Vat Voo=10V 

2.5 V at Voo=15 V 
5-V, 10-V, and 15-V parametric ratings 
Standardized, symmetrical output 
characteristics 
Meets all requirements of JEDEC 
Tentative Standard No. 13B, “Standard 
Specifications for Description of 
‘B’ Series CMOS Devices.” 


Applications: 


Pulse delay and timing 
Pulse shaping 


Cy, le Yoo 
Ry Cy (42 Cx 
RESET (1) 43 Ry Cx (2) 
+TR (1) 4 RESET (2) 
~TRUW—-S +TR (2) 
6 ~TR (2) 
7 Q2 
Vss 8 oe 





TOP VIEW 


TERMINALS 1,8,15 ARE 
ELECTRICALLY CONNECTEO 
INTERNALLY 

92CS-24B48RI 


Terminal Assignment 








CD4538B Types 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vop) 

(Voltages referenced to Vss Terminal) ..........0... ccc cccccceeceeneeeceeeeeeceeeeecececuuuenuugeeaeesueeneseteeenvecs -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Von +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ......... 0000. ccccccc cece e cee eeeeeeeccusseeecunssteeenuatststnnnnsrenevnnnietens +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta=-40 to +60°C (PACKAGE TYPE Yio cid Ga ea staw 5 AG Dera ee eae awe cel nde Peat eae Se SON wl ean ba ee 500 mW 

For Ta=+60 to +85° C (PACKAGE TYPE £).......... ..Derate Linearly at 12 mW/°C to 200 mW 

For Ta=-55 to +100°C (PACKAGE TYPES D,F,K) oo... ooo c cece cece ccc ee nceece cee teseeunnnuceeeeeeteannvetsteettsenennes 500 mW 





For Ta=+100 to +125°C (PACKAGE TYPES D,F,K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


Derate Linearly at 12 mW/°C to 200 mW 






FOR Ta=FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...........ccccccccecccceeeevvaeeseevesuaaeeeuuuneees 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D,F,K,H «--- 5.0... ce eee ence cece een -55 to +125°C 

PACKAGE TYPE E 20... ...ccesccccesceeseesncecbovs -40 to +85°C 
STORAGE TEMPERATURE RANGE (Taig)... 60 ee eee ccc cc ccc ee eee cc euueeecececeeeeeveuaeteeeensnneteretvrnteennns -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10S MAX... . eee cece ee eececeeeeeeuaaaeueeteteeeeteeeers +265°C 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected 
so that operating is always within the following ranges: 







LIMITS 





CHARACTERISTIC 






Supply-Voltage Range (For T,a=Full Package-Temperature Range) 






Input Pulse Width 
+TR, -TR, or RESET 






TABLE | 
CD4538B FUNCTIONAL TERMINAL CONNECTIONS 


Vop TO Vss TO 
FUNCTIION TERM. NO. 


Leading-Edge Trigger/ 
Non-Retriggerable 


Trailing-Edge Trigger/ 
Non-Retriggerable 





INPUT PULSE TRAIN JUUUL 
NOTES: 
1. A RETRIGGERABLE ONE-SHOT MULTIVIBRATOR HAS AN | T | 
OUTPUT PULSE WIDTH WHICH IS EXTENDED ONE FULL 


RETRIGGERABLE MODE PULSE 
TIME PERIOD (T) AFTER APPLICATION OF THE LAST WIDTH (+TR MODE) 
TRIGGER PULSE. | | 
NON-RETRIGGERABLE MODE 
2. A NON—RETRIGGERABLE ONE-SHOT MULTIVIBRATOR PULSE WIDTH tT» 


HAS A TIME PERIOD (T) REFERENCED FROM THE APPLI- (72 MODE) 


CATION OF THE FIRST TRIGGER PULSE. 92CS-32816 
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STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CHARACTERISTIC CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H. Pkgs. 
Values at -40, +25, +85 Apply to E Pkgs. 


+25 
=e —ae 


Quiescent Device peepee eo o 
Current, loo Max. Pa AC 
[700_[ 100 _| 


Output Low (Sink) 
Current, lo. Min. 


os | 5 | -064 | -0.61 | -0.48 |-0.96 | -051 | 

Output High Gouna), eS [os | Yes [ha pois [ia fae 
Current, lon Min. io [te [18 | 11 | 09 | 13 | 26 | 

is | 42] -4 [28 | -24 | 34] 68 | — | 
Ts |S ioeSC~*dY 


Output Voltage: 
Low-Level, Vo. Max. 


Output Voltage: 
High-Level, Vou Min. 


Input Low Voltage, 
Vin Max. 


Input High Voltage, 
Vin Min. 





< 
co 
o 
< 
i] 


za 
, 4 


--ANe —O 
to 





1 aay 


Cy +-- 0 


92CM- 32815 


Fig. 1 - Logic diagram (‘% of device shown). 
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DYNAMIC ELECTRICAL CHARACTERISTICS, At T,=25° C; Input t,,t=20 ns, C._=50 pF 


LIMITS 
CHARACTERISTIC TEST CONDITIONS 
Von (V Typ 


Transition Time trun, trae 




















Propagation Delay Time: 
+TR or -TRto QorQ 


tery, tone 





Reset to Q or Q 










Minimum Input Pulse Width: 
+TR, -TR or Reset 


twe, twe 






Output Pulse Width - Q or Q: 
Cx=0,005 wF, Rx=10 KQ* 







Cx=0.1 uF, Rx=100 KQ 










Cx=10 mF, Rx=100 KQ 





Pulse Width Match between 
circuits in same package: 

Cx=0.1 uF, Rx=100 KQ 
Minimum Retrigger Time 





100 (T:~T2) 
qT 











5 
10 ns 
15 
woof  Anyinput [Tso 78 | 


“Note: Minimum Rx value=4 KQ, minimum Cx value=5000 pF. 






Input Capacitance Cc 











AMBIENT TEMPERATURE (Ta)= 28 °C AMBIENT TEMPERATURE (Tq )=25 °C: 


OL 


GATE-TO-SOURCE VOLTAGE (Vgg)=I5 V 


Bw 


OUTPUT LOW (SINK) CURRENT (Ip,) mA 


OUTPUT LOW (SINK} CURRENT (I, 





5 0 [) 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
9208 -24319R1 


J 
ORAIN-TO-SOURCE VOLTAGE (Vps)—V 


92cs-24318R3 


Fig. 2 - Typical output low (sink) current characteristics. Fig. 3 - Minimum output low (sink) current characteristics. 
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ORAIN~ TO- SOURCE VOLTAGE (Vps)—V ORAIN-TO-SOURCE VOLTAGE (Vos)~-V 
5 -l0 -5 oO -15 oO 


AMBIENT TEMPERATURE (Ta}=25*C. AMBIENT TEMPERATURE (Ta)= 25°C 
rt 















|ATE-TO-SOURCE VOLTAG % R t 
ul I 

é 3 

3 4 

z 5 

uw 

§ 3 

= é 

i 3 

2 5 

- a 

> iJ 

6 3 

‘92CS$ - 2432085 92C8-24321R2 
Fig. 4 - Typical output high (source) current characteristics. Fig. 5 - Minimum output high (source) current characteristics. 
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92C8-35936 92CS- 35936 
Fig. 6 - Typical propagation delay time as a function of load Fig. 7 - Typical propagation delay time as a function of load 
capacitance (+TR or —TR to Q or @). capacitance (RESET to Q or Q). 


AMBIENT TEMPERATURE (Ta)=25°C 
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Fig. 8 - Typical transition time as a function of load capacitance. Fig. 9 - Typical pulse-width variation as a function of supply 
voltage. 
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Fig. 10 - Typical pulse-width variation as a function of tempera- Fig. 11 - Typical pulse-width variation as a function of tempera- 
ture (Rx=100 KQ, Cx=0.1 pF). ture (Rx=100 KQ, Cx=5000 pF). 
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Cy #50 pF, Ri = 200 KO 
Ry 100KR 

“7_ AMBIENT TEMPERATURE (Ta)*25*C 
ONE MONOSTABLE OPERATING 


wy 





2 6 $8 2 468 466 2 466 
0.00t 0.01 oO 100 
OUTPUT DUTY CYCLE 1%) 





92C$-35937 
Fig. 12 - Typical total supply currentas a function of output duty 


cycle. 
Yoo 
INPUTS OUTPUTS 
Vow 
Noe * 
° = 
Vig L 
Vss 92C8-2744tRI 


Test any combination of inputs. 
Fig. 14 - Input-voitage test circuit. 


Power-Down Mode 


During a rapid power-down condition, as would occur with 
a power-supply short circuit or with a poorly filtered power 
supply, the energy stored in Cx could discharge into Pin 2 or 
14. To avoid possible device damage in this mode, when Cx 
is 2 0.5 microfarad, a protection diode with a 1-ampere or 
higher rating (1N5395 or equivalent) and a separate ground 
return for Cx should be provided as shown in Fig. 16. 


Yoo 
IN5395 R 
oR x 
EQUIVALENT 
+ 
cy 115) 8 
20.Sutd 
Vso = Vss 
92CS-36707 


Fig. 16 - Rapid power-down protection circuit. 


An alternate protection method is shown in Fig. 17, where a 
51-ohm current-limiting resistor is inserted in series with 
Cx. Note that a small pulse width decrease will occur 
however, and Rx must be appropriately increased to obtain 
the originally desired pulse width. 





92Cs-36706 


Fig. 17 - Alternate rapid power-down protection circuit. 
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Vg 
92C5- 27401RI 
Fig. 13 - Quiescent device current test circuit. 
(o10) 


INPUTS 
Yoo NOTE: 
MEASURE INPUTS 
SEQUENTIALLY, 
Vss TO BOTH Vp AND Vgg: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Vop OR Vgs- 
Vss 
92CS-27402 


Fig. 15 ~ Input-leakage-current test circuit. 
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roa 


4-10 
(0.102-0.254) 
91-99 
(2.311- 2.515) 








92CM- 35091 
Dimensions and pad layout for CD4538BH. 


Dimensions in parentheses are in millimeters and are derived 
from the basic inch dimension as indicated. Grid graduations are 
in mils (10° inch). 


The photographs and dimensions of each CMOS chip represent a 
chip when itis part of the wafer. When the wafer is separated into 
individual chips, the angle of cleavage may vary with respect to 
the chip face for different chips. The actual dimensions of the 
isolated chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance of —3 
mils to +16 mils applicable to the nominal dimensions shown. 
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CD4541B Types 


CMOS Programmable Timer 


High-Voltage Types (20-Volt Rating) 


Features: 


a Low symmetrical output resistance, typically 100Q at 
Von =15V 

g Built-in low-power RC oscillator 

= Oscillator frequency range: DC to 100 kHz 

m External clock (applied to pin 3) can be used instead 
ot oscillator 

m Operates as 2" frequency divider or as a single- 
transition timer 

® Q/Q select provides output logic level flexibility 

u@ AUTO or MASTER RESET disables oscillator during 
reset to reduce power dissipation 

@ Operates with very slow clock rise and fall times 


The RCA-CD4541B programmable timer consists of a 16- 
stage binary counter, an oscillator that is controlled by 
external R-C components (2 resistors and a capacitor), an 
automatic power-on reset circuit, and output control logic. 
The counter increments on positive-edge clock transitions 
and can also be reset via the MASTER RESET input. 


The output from this timer is the Q or output from the 8th, 
10th, 13th, or 16th counter stage. The desired stage is 
chosen using time-select inputs A and B (see frequency 
select table). The output is available in either of two modes 
selectable via the MODE input, pin 10 (see truth table). 
When this MODE input is a logic “1”, the output will be a 
continuous square wave having a frequency equal to the 
oscillator frequency divided by 2". With the MODE input set 
to logic “O"” and after a MASTER RESET is initiated, the 
output (assuming Q output has been selected) changes 
from a low to a high state after 2“"' counts and remains in 
that state until another MASTER RESET pulse is applied or 
the MODE input is set to a logic “1”. 

Timing is initialized by setting the AUTO RESET input (pin 
5) to logic “O" and turning power on. If pin 5 is set to logic 
“4", the AUTO RESET circuit is disabled and counting will 
not start until after a positive MASTER RESET pulse is 
applied and returns to a low level. The AUTO RESET con- 


FREQUENCY SELECTION TABLE 


No. of Stages 
N 
13 
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Vop * PIN 14 
Vgg 7 PIN 7 
9205-35066 


CD4541B 
FUNCTIONAL DIAGRAM 





@ Capable of driving six low power TTL loads, three 
low-power Schottky loads, or six HTL loads over the 
rated temperature range 

@ Symmetrical output characteristics 

@ 100% tested for quiescent current at 20 V 

gm 5-V, 10-V, and 15-V parametric ratings 

m Meets all requirements of JEDEC Tentative Standard 
No. 13A, “Standard Specitications for Description of 
‘B’ Series CMOS Devices” 


sumes an appreciable amount of power and should not be 
used if low-power operation is desired. 


The RC oscillator, shown in Fig. 2, oscillates with a fre- 


quency determined by the R-C network and is calculated 
using: 


1 where f is between 1 kHz 
f= ———— and 100 kHz 
2.3 RrcCre and Rs= 10 kQ and © 2Rrc 


The CD4541B types are supplied in 14-lead hermetic dual- 
in-line ceramic packages (D and F suffixes), 14-lead dual- 
in-line plastic packages (E suffix), and in chip form (H 
suffix). 


TRUTH TABLE 
STATE 

















CD4541B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vop) 







(Voltages referenced to Vsg Terminal) ....... 0.0... ccc ee cee eee ee ee ee ee ee ten eee eee er eet REE EEE REE EE 
INPUT VOLTAGE RANGE, ALL INPUTS.. 
DC INPUT CURRENT, ANY ONECINPUT isis: cieics. cies: cis.ca o:tiecesays intone dave: ccnsciesdavecere eieassbib-e by dian a: Bibcashuale assiale"bje siels. 0.8, caret Ga Saas ee oe 
POWER DISSIPATION PER PACKAGE (Pp): 
For Va => 40 to +60°.C (PACKAGE TYPE (E) oss exensce eet ein ea ee es Rue eek dvd SRE CERN Me AEN CV ROMO EE OREN TREO’ 500 mW 
For Ta = +60 to + 85°C (PACKAGE TYPE E) ....... 0. ccc ccc cee cece etree teen eee e nee Derate Linearly at 12 mW/°C to 200 mW 
For Ta = -55 to + 100°C (PACKAGE TYPES D, F) .... 0... cece cece ccc eer c erence teen eee tone beeen tn en eeeneetes 500 mW 
For Ta = + 100 to + 125°C (PACKAGE TYPESD,F) ......... 0. c ccc cc cece een e nen cnnes Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............. cece cece erence teen tent en tet ee eenee 100 mW 
OPERATING-TEMPERATURE RANGE (T,): 
PACKAGE: TYPES, Dip Feat es srssatclasoiatete scat copa 0125p wseia esa Soateras Na Syste: Srayatan a Tach 0:5 gid toS vada Biase opal rales wjeieegl orb: djececora ata athe -55 to + 125°C 
PACKAGE TVPE 6.5 soaycacdy cratic a daaind ay ye saws Panee tad ewes pled casa ewe $e BAT WAAK eRe Mawes Ewe On mona ad dale tee -40 to + 86°C 
STORAGE TEMPERATURE RANGE (Tig): osu cs oe cov eens Cones eee teens ew eee OREN EO ph ae Meek Ae ase Sia CER newer AK -65 to + 150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from Case for 10 S MAX. 6... cece ne ee eee eee nares tees + 265°C 





RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that operation is always within the following 
ranges: 


CHARACTERISTIC 














Rs 
8-STAGE 
etc O COUNTER 
Rr O 
9 
O 
Q/0 SELECT 
Vpp =!4 
Vsg7 7 NC#4,1) 
5 
Resere 92CM-34975 


O 
MANUAL RESET 





Fig. 1 — CD4541B functional diagram. 
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CD4541B Types 
STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 


Quiescent 
) Device 
Current, 
lpp Max. 
Output Low 
(Sink) Current 
Jo. Min. 
Output High 
(Source) 
Current, 1 
lon Min. 0,15 4 
Output Voltage: 
Low-Level, 
Vou Max. 
Output 
Voltage: 
High-Level, 
Vou Min. 
input Low 
Voltage 
Vit Max. 
Input High 
Voltage, 
Vin Min. 
Input Current 
lin Max. 


1 


| 0.5 | 
|_0,10_| 
| 0,15 _| 
| 0,20 | 
| 0.6 | 
| 0,15 _| 
| 05 | 
| 0.5 | 
| 0.10 | 
| 0.15 


— 
a 


0 
5 


o 
m= 
a 


Rte ‘pp 

8 

& 

NC 

MODE 

Q/Q SELECT 
ouTeurT 


Cte 

Rs 

NC 
AUTO RESET 
MASTER RESET 








Vss 


9208-34976 


TERMINAL ASSIGNMENT 
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LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, H Packages 
Values at -40, +25, +85 Apply to E Package 


TO CLOCK 
CKT 






IN TERNAL 
RESET 


92CS-34977 


Fig. 2 — RC oscillator circuit. 











CHARACTERISTIC 


Propagation Delay Times: 
Clock to Q 
(2°) ten, tern 


(2°) teu, tere, 


Transition Time, 


MASTER RESET, CLOCK 
Pulse Width 


Maximum Clock Pulse Input 
Frequency, 


Maximum Clock Pulse input 
Rise or Fall Time, 


DIGITAL TIMER APPLICATION 


A positive pulse on MASTER RESET resets the counters 
and latch. The output goes high and remains high until the 
number of pulses, selected by A and B, are counted. This 
circuit is retriggerable and is as accurate as the input fre- 
quency. If additional accuracy is desired, an external clock 
can be used on pin 3. A set-up time equal to the width of the 
one-shot output is required immediately following initial 
power up, during which time the output will be high. 


Yoo 


INPUT 





92CS- 349768 


Fig. 3 - Digital timer application circuit. 


o- 











CD4541B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS, at 7, = 25°C, Input t,, tt = 20 ns, C. = 50 pF, Ri = 200 kQ 


LIMITS 
TyP. | MAX. | 





a. 


(Cn 


bene 


— 4-10 
(0.102-0.254) 
85-93 
(2.159-2.362) 


92CS-35090 






Dimensions and pad layout for CD4541B. 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10-9 
inch). 


The photographs and dimensions of each CMOS 
chip represent a chip when it is part of the wafer. 
When the wafer is separated into individual 
chips, the angle of cleavage may vary with 
respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, 
may differ slightly from the nominal dimensions 
shown. The user should consider a tolerance of 
-3 mils to +16 mils applicable to the nominal 
dimensions shown. 


79- 87 
(2.007-2.210) 
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CD4543B Types 


CMOS BCD-to-Seven-Segment 
Latch/Decoder/Driver 
For Liquid-Crystal Displays 


High-Voltage Types (20-Voit Rating) 


Vor 


t 

9]. 

e | 52 
Features: a }Sa 
« Display blanking of all illegal input combinations . a3 
«= Latch storage of code eran ine Bae 
« Capability of driving two low power TTL loads, vss . 


two HTL loads, or one low power Schottky load 
over the full rated-temperature range 

s Pin-for-pin replacement for the CD4056B 
(with pin 7 tied to Vgs) CD45438 

® Direct LED driving capability TERMINAL ASSIGNMENT 


S2CS-34511 





The RCA-CD4543B is a BCD-to-seven segment latch/de- = 100% tested for quiescent current at 20 V 


coder/driver designed primarily for liquid-crystal display uw Maximum input current of 1 uA at 18 V 
(LCD) applications. It is also capable of driving light over full package-temperature range; 
emitting diode (LED), incandescent, gas-discharge, and 100 NA at 18 V and 25°C 


fluorescent displays. This device is functionally similar to 


and serves as direct replacement for the CD4056B when pin ar toley margin tull packege.Jemperalure 


7 is connected to Ves. It differs from the CD4056B in that it fanaa) TV. at Yop=5 v 
has a display blanking capability instead of a level-shifting 2 Vat Vpp=10 V 
function and requires only one power supply. When the 2.5 V at Vpp=15 V 


CD40568 is used in the jevel shifting mode, two power a 5-V, 10-V, and 15-V parametric ratings 
supplies are required. When the CD45438B is used for LCD = Meets all requirements of JEDEC Tentative 
applications, a square wave must be applied to the PHASE Standard No. 138, “Standard Specifications 
input and the backplane of the LCD device. For LED for Description of ‘B’ Series CMOS Devices” 
applications a logic 1 is required at the PHASE input for ‘ 
common-cathode devices; a logic 0is required for common- Applications: ; ? 
anode devices (see truth table). = Instrument display driver 

a Dashboard display driver 
The CD45438 is supplied in hermetic dual-in-line ceramic = Computer/calcuiator display driver 
packages (D and F suffixes), 16-lead dual-in-line plastic = Timing device driver (clocks, watches, timers) 
packages (E suffix), 16-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 





(Voltages referenced to Vgg Terminal) ......... 0c cece cece ce ee eee nee ene ene E EEE ERENT EERE EEE EERE EEE EES -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT 2.0.0.0... cece ccc eee tere een nee e REE E REET E EERE DEAE EEE EEE REESE GEES +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ty = -40 to +60°C (PACKAGE TYPE E) ....... cee cece cece renee eee e eee ene nee e nee e cece teste tenner eee n ee eeenneeeeennes 500 mw 





For Ty = +60 to +85°C (PACKAGE TYPE E) ......... Derate Linearly at 12 mW/°C to 200 mw 








For Ta = -55 to +100°C (PACKAGE TYPES D, F, K).....-- cece seen eter e eee e nnn n eee tenet eee e een e nese eet a ne eeeenennees 500 mw 

For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) .....-. ss eee e eee c ce ceee een e cee teeter enee Oerate Linearly at 12 mW/°C to 200 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .......... 6. esc cece eer e eter cee erent een e ene tne eens 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, Ho... ccc cee ccc cece een ener ee eee nent teen tee eee tee seer e ee eee eee tees ae eeer Tes -55 to +126°C 

PACKAGE TYPE E ........ 0. cc cence e eee ee eee e eens -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. .... cece cece eee een eee e Ener eee nen eee +265°C 








CD4543B Types 
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Fig. 1 - BCD-to-seven-segment latch/decoder/driver CD4543B logic circuit diagram. 


RECOMMENDED OPERATING CONDITIONS at Ta=25°C, Untess Otherwise Specified 


For maximum reliability, nominal operating conditions should be selected so that operation Is always within the following | 
ranges: 


LIMITS 


CHARACTERISTIC ae ae UNITS 
Supply-Voltage Range (For Ta=Full Package-Temperature Range) r= {3 [| 2 [ vi | 


ee ae es a poe | @ |e | 
80 40 
60 15 





5 
Minimum Data Setup Time 10 
15 10 -5 


Minimum Data Hold Time 
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CD4543B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 
|_9, 5 









LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at -40, +25, +85 Apply to E Package 





CHARAC- 
TERISTIC 









Quiescent 










Device 

Current ile) s) 0,15 

Max. F020 
Output Low re 


ink 
sae 0,10 


Current lou 

ra mK 
Output High | 0,5 | 

(Source) —o8 

Current 1OH 












Min. 
Output Voltage: 
Low-Level 
Max. 

Output Voltage: 

= -Level OH 


xc 
| 9.5 | 
|_0.10 | 
| 0.15 | 
| 0.5_| 
0,10 


= Low 
ieee Vit 


— Fiigh 
ae VIH 


a Current 
Max. 


“15 ~t0 


aloe n aio -o 




















QUTPUT HIGH (SOURCE} CURRENT(L OH}~ mA 





92CS-34514 


Fig. 2 - Typical output high (source) current characteristics. Fig. 3 - Minimum output high (source) current characteristics. 
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CD4543B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=25°C; C,_=50 pF, Input ty,ty=20 ns, Ry =200 kN 


TEST 
CHARACTERISTIC CONDITIONS 


Propagation Delay Time 


Transition Time 





Latch Disable Pulse Width 


Address Setup Time 


Address Hojd Time 





7 SEGMENT 
OUTPUTS 


erea"* eva 


92CS- 34515 





Fig. 4 - BCD-to-seven-segment latch/decoder/driver functional diagram. 










































































































































































AMBIENT TEMPERATURE (Taj= 25°C 
.§ 
€ 7 
\ E 
a iv 
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3 
: 15 {ov & 7s 
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35 Sy 5 23) 
o 
i) 5 0 iS lo) 
DRAIN-TO-SOURCE VOLTAGE (Vps)—V DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92CS-24318RS 92CS -24319R1 | 
Fig. 5 - Typical output low (sink) current characteristics. Fig. 6 - Minimum output low (sink) current characteristics. | 
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CD4543B Types 
TRUTH TABLE FOR CD45438 


OUTPUT STATE 

DISPLAY 
CHAR- 
ACTER 


oooo9o 


Q 
0 
0 
!) 
0 
0 
0 
0 
1 
1 
1 
1 


>| 


Inverse of Output Display 
Combinations as above 
Above 
X=Don't care. 
t=Above combinations. 
*=For liquid-crystal readouts, apply a square wave to Ph. 

For common cathode LED readouts, select Ph=0. 
For common anode LED readouts, select Ph=1. 

**=Depends upon the BCD code previously applied when LD=1. 









































































































































































































































AMBIENT TEMPERATURE (Ta) 25°C AMBIENT TEMPERATURE (7a)#25°C 
ay 

Py oN veut, off 
: t Rito Woo, Ran 
—~ = et N 
= = ot > TEM gat 
= Fy ; pur 
3 
x \25N = 
= TROuTast, Woy = 
Py gurP S 
F Ey +H 
z 
2 yOV Ss Ov 
5 ! x H 
Zz i 15 
3 15 oy 
& = 
a IS 

& tH 

° 20 40 60 80 100 ° 20 40 60 60 100 
LOAD CAPACITANCE (CL)—~ pF LOAD CAPACITANCE (CLI PF oo og. sete 
i 92CS-34518 
Fig. 7 - Typical transition time as a function of load capacitance. Fig. 8 - Typical propagation delay time as a function of 


load capacitance. 








Fig. 10 ~ Quiescent device current 
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test circuit. 
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CD4543B Types 


Yoo 
OUTPUTS INPUTS 
Yoo NOTE: 
Bs nS (@)~ MEASURE INPUTS 
Z ° SEQUENTIALLY, 
Vss TO BOTH Vpp AND Ves: 
~ CONNECT ALL UNUSED 
INPUTS TO EITHER 
NOTE: Vpp OF Veg: 
TEST ANY COMBINATION 
OF INPUTS Vss 
92CS-27441Ri 92CS-27402 


Fig. 11 - input voltage test circuit. 


-10 
102: 


74-82 
(1.880- 2.083) 


Fig. 12 - Input current test circuit. 
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Dimensions and pad layout for CD4543BH. 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10-3 
inch). 


The photographs and dimensions of each CMOS 
chip represent a chip when it is part of the wafer. 
When the wafer is separated into individual 
chips, the angle of cleavage may vary with 
respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, 
may differ slightly from the nominal dimensions 
shown. The user should consider a tolerance of 
-3 mils to +16 mils applicable to the nominal 
dimensions shown, 
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CD4555B, CD4556B Types 


CMOS 


Dual Binary to 1 of 4 


Decoder/Demultiplexers 


High-Voltage Types (20-Volt Rating) 


CD4555B: Outputs High on Select 
CD4556B: Outputs Low on Select 


The RCA-CD4555B. and CD4556B are dual 
one-of-four decoders/demultiplexers. Each 
decoder has two select inputs (A and 8}, an 
Enable input (E), and four mutually exclu- 
sive outputs. On the CD4555B the outputs 
are high on select; on the CD4556B the out- 
puts are low on select. 


When the Enable input is high, the outputs 
of the CD4555B remain low and the outputs 
of the CD4556B remain high regardless of 
the state of the select inputs A and B. The 
CD4555B and CD4556B are similar to types 
MC14555 and MC14556, respectively. 


The CD4555B and CO4556B types are sup- 
plied in 16-lead hermetic dual-in-line cer- 
amic packages (D and F suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16- 
lead ceramic flat packages (K suffix), andin 
chip form (H suffix). 


RECOMMENDED OPERATING CONDITIONS 


Features: 


@ Expandable with multiple packages 
® Standard, symmetrical output characteristics 
® 100% tested for quiescent current at 20 V 


@ Maximum input current of 1 A at 18 V over full 
package temperature range; 100 nA at 18 Vand 25°C 


® Noise margin (full package-temperature 
range): 1Vat Vpp=5V 
2 Vat Vpp = 10 V 
2.5 V at Vop = 15 V 
= 5-V, 10-V, and 15-V parametric ratings 
= Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 
Applications: 


® Decoding ® Code conversion 

® Demultiplexing (using Enable input asa 
data input) 

@ Memory chip-enable selection 

® Function selection 


For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges. 


CHARACTERISTIC Vop 


Supply Voltage Range 
(For Ta = Ful Package 
Temp. Range) 







MAXIMUM RATINGS, Abso/ute-Maximum Values: 


OC SUPPLY-VOLTAGE RANGE, {Vop) 
(Voltages referenced to Vgg Terminat} 

INPUT VOLTAGE RANGE, ALL INPUTS . 

OC INPUT CURRENT, ANY ONE INPUT . 

POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = ~40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) 


For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 
For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) . 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


: 0.5 to +20 V 
oe PO 
+10 mA 


F 500 mw 
Derate Linearly at 12 mW/°C to 200 mW 
. 500 mw 
Derate Linearly at 12 mW/°C to 200 mW 


FOR Ta = FULL PACKAGE-TEMPERAT IRE RANGE (All Package Types) . - . + 100 mw 


OPERATING-TEMPERATURE RANGE ar 
PACKAGE TYPES D, F, K, H . 
PACKAGE TYPEE . . 
STORAGE TEMPERATURE RANGE (Tstq) 
LEAD TEMPERATURE (OURING SOLDERING): 


~56 to +425°C 
—40 to +85°C 
~65 to +150°C 


Atdistance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 1Osmax, 2 2. 2 6 eee +265°C 
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CO4555B 
FUNCTIONAL DIAGRAM 
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TERMINAL ASSIGNMENTS 
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CD4555B, CD4556B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 









LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to 0, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 







CHARACTER. 
ISTIC 






: 


OUTPUT LOW [SINK) CURRENT (Ip,) —mA 





Quiescent Device 
Current, 
IDb Max. 














Output Low 
(Sink) Current 


1OL Min. 






° o|a 
w XN P o|< 
sf fas|-[aeiele| 


N 






Output High F . 
(Source) 1.3 = 
Current, ae “13 

1OH Min. | -0.9 | 





Output Voltage: 
Low-Level, 
VOL Max. 






Output Voltage: 
High-Level, 
VOH Min. 







Input Low 
Voltage, 
ViL Max. 










| 
Lo i ed 


ViH Min. 





+ 
ad 
= 





pA 


I+ 

3 

3 N 
Ki ro) 





DYNAMIC ELECTRICAL CHARACTERISTICS at Tq = 25°C; input t,, t= 2008, 
Cy = 50 pF, Ry = 200 KQ 







TEST CONDITIONS 


ALL TYPES 
LIMITS 
Se 


220 440 





CHARACTERISTIC 









Propagation Delay Time, TPHL. 
A or B Input to 'PLH 






Any Output 







E Input to Any 






Output 







Transition Time tue tTLH 
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Fig. 1 — Typical output tow (sink current 
characteristics. 
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Fig. 2 — Minimum output low {sink} current 
characteristics. 
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Fig. 3 — Typical output high (source) current 
characteristics, 
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Fig. 4 — Minimum output high (source) current 
characteristics. 
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CD4555B, CD4556B Types 





* 
ALL INPUTS PROTECTEO BY COS/MOS ALL INPUTS PROTECTED BY COS/MOS 
PROTECTION NETWORK: Yoo PROTECTION NETWORK: Yoo 
SS gacs.zezz2R) Vgs  92c5- 24 220A 
Fig. 5 — COD45568 logic diagram 
(1 of 2 identical circuits}. Fig. 6 — CD45558 logic diagram 


{1 of 2 identical circuits}, 


TRUTH TABLE 


INPUTS OUTPUTS OUTPUTS 
ENABLE LECT CD4555B 


PROPAGATION DELAY TIME (tory! py) — 90 





LOAD CAPACITANCE [C,}— pF 





92Cs- 24930 
































X= DON'T CARE LOGIC 1=HIGH Fig. 7 — Typical propegation delay time vs. joad 
LOGIC 0= LOW capacitance (A or B input to any output). 
1 
= 
£ 
Zz 
5 
2 
<5 
g 
H 
= 
° 8 CJ s EJ 
° ~» “«o C) Lo) 100 SUPPLY VOLTAGE (Vopi—VOLTS ° 20 0 60 6 00 
LOND CAPACITANCE (Cu)= pF 92¢8-24999 srce-teneo ROAD CAPACITANCE (CLES cect 
Fig. 8 — Typical propagation delay time vs. load Fig. 9 — Typical propagation delay time vs, Fig. 10 — Typical transition time vs. load 
capacitance (E input to any output), supply voltage. capacitance, 
ro 
an ae ae 
© 04 
a ee t 
A INPUTS QUTPUTS 
8 
2 Vin 
§ mH, +, 
g Vie i 
¥ = 
z 
i NOTE 
y = t Vss TEST ANY COMBINATION 
19” ’ 10 10? io? to" OF INPUTS 
INPUT FREQUENCY {f)— hor Sivetessoat ‘92C5-27401R1 
92CS~27441R1 
Fig. 11 — Typical dynamic power dissipation Fig. 12 — Quiescent device current test . 
circuit. Fig. 13 — Input voltage test circuit. 


vs, frequency. 
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CD4555B, CD4556B Types 


y, 













INPUTS 
Yoo NOTE 30% 
SoZ = MEASURE INPUTS 50% 
° SEQUENTIALLY, 
ss TO BOTH Vp ANO Vgs, 10% 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Von OR Vss- 


Yoo 90% 
INPUT & 50% 


10 % 


Vss 


9205-27402 
90% 


50% 





Fig. 14 — Input current test circuit. 


80 % 
10 % 





10% 





tr MHz, $0% DUTY CYCLE fy +) M2, 50 % DUTY CYCLE 
92C$-24225 9S here 
Fig. 15 — CD4555B 8 input to Q3 output dynamic Fig. 16 ~ CO45568 8 input to Q3 output dynamic 
signal waveforms. signal waveforms. 
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bo 





90% 
SO 50% INPUT E 
10% APPLICATIONS 
10% 
Vss 172 €045558 
A 
a 90 
INPUTS [SELECT el 
OUTPUTS 
DATA: £ 
Yoo 
90 % 90 % 1/6 CO40698 92cs- 24229 
50% OUTPUT OuTPUT TRUTH TABLE 


50% 
o3 8 
10% 10% 


‘ss 


© TY 
tp +1 MHz, 50 % DUTY CYCLE ty #1 MHz, 50 % DUTY CYCLE 





9205-24226 
92CS- 24225 
Fig. 17 — CD4555B E input to Q3 output dynamic Fig. 18 — CD45568 E input to Q3 output dynamic 
Signal waveforms. signal waveforms, 
TRUTH TABLE 
045558 
roo 
a 20 | eo 
8 Qi 
Q2 
Q3 
DECODER OUTPUTS 
INPUTS 





1/6C04069B L a _ 


OR EQuiv 


g2cs- 26227 


Fig. 20 — 1-0f-8 decoder using CD45558, 
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CD4555B, CD4556B Types 


cb45558 
= Tt TRUTH TASLE 


o>, 


DECODER 
INPUTS 


= our- 
Purs 


mo 9 





72 045868 





coassse 
yes ase8 
Fig. 21 ~ 1-0f-16 decoder using CD4555B and 
CD45568. 
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75-83 {1.905~2.108) 
(1.905 = 2.108) 












o- 


b—.108 lo2~ =o. 284) 


(2. oor — 2 210) 9205-32215 





oF 4-10 
(0.102 - 0,254) 
79-87 


(2.007 ~ 2.210) 


92CM-3336) 


DIMENSIONS AND PAD LAYOUT FOR DIMENSIONS AND PAD LAYOUT FOR 
CD45558H. CD4556BH. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10°3 inch]. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
water is separated into individual chips, the angle of 
Cleavage may vary with respect to the chip face for 
different chips. The actual dimensions o! the isolated 
chip, therefore, may differ slightly from the nominai 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4585B Types 


CMOS 4-Bit Magnitude 
Comparator 
High Voltage Types (20-Volt Rating) 


The RCA-CD4585B is a 4-bit magnitude com- Features: 
Parator designed for use in computer and 
























































































































































































































































































































































































































































































































































































































































































































































































































































logic applications that require the comparison § Expansion to 8,12,16......4N bits by cascading units 
of two 4-bit words. This logic circuit deter- ® Medium-speed operation: 
mines whether one 4-bit word (Binary or compares two 4-bit words 
Seton eT nt fp) at 10 
Ta ho oe = 100% tested for quiescent current at 20 V Sacer nonre: 
The CD4585B8 has eight comparing inputs wg standardized symmetrical output characteristics 
(A3, B3, through AQ, BO), three outputs (A =5-V, 10-V : 
<B,A = B,A > B) and three cascading inputs -V, 10-V, and 15-V parametric ratings FUNCTIONAL DIAGRAM 
(A < B, A = B, A> B) that permit systems @ Maximum input current of 1 2A at 18 V 
designers to expand the comparator function over full package temperature range; 
to 8, 12, 16......4N bits, When a single 100 nA at 18 V and 25°C I beers biertinebrst Medes Wesessstssis H 
CD4585B is used, the cascading inputs are ® Noise margin (full package temperature range) é t 
connected as follows: (A < B) = low, (A = B) )=1Vat Vpn =5V as 1 t +t 
= high, (A> B) = high. ranger: at VbD P30 GATE-TO-SOURCE VOLTAGE (Vgu)=iB V 
Ly SS: 
; ‘ 3 2V at Vpp = 10 V ames. + +HH 
Cascading these units for comparison of more 22 a asi 
than 4 bits is accomplished as shown in : 2b .v at Vop = 15 se 3 isnauee 
Fig, 13 = Meets all requirements of JEDEC Tentative § 20 t 
ei Standard No. 13A, “Standard Specifications FA rH 
The CD4585B types are supplied in 16-lead for Description of ‘B’ Series CMOS Devices” z” : tH 
hermetic dual-in-line ceramic packages (D te s 
and F suffixes), 16-iead dual-in-line plastic é 
packages (E suffix), 16-lead ceramic flat 34 Sy: 
packages (K suffix), and in chip torm (H Applications: 
suffix). This device is pin-compatible with ° 3 10 1S 
low-power TTL type 7485 and the CMOS © Servo motor controls 8 Process controllers DRAIN-TO-SOURCE VOLTAGE (VogI—V 
types MC14585 and 40085. Fig.1 — Typical output Jow {sink) current 
characteristics. 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) AMBIENT: TEMPERATURE (Tal225 °C 
(Voltages referenced to Vgg Terminal) © 6 ee ee 0.5 t0 +20 Be 
INPUT VOLTAGE RANGE, ALLINPUTS . 2 2 2 1 ee wee 70.6 tO Veg 105 Vv t “fl 
DC INPUT CURRENT, ANY ONE INPUT. 2 2. we tH10 mA ras 
POWER DISSIPATION PER PACKAGE (Pp): vas HEE GATE- r= SOURCE VOLTAGE (Weght8V¥ 
For Ta =—40to +60. C (PACKAGE TYPE EB). © 6 2. we ee ee es 800 mW eae! 4 
For Ty = +60 to +85 c {PACKAGE TYPE E). . . . .  Derate Linearly at 12 mW/ C to 200 mw 3 ‘0 ate Hf 
For Ta = —55 to +100 C (PACKAGE TYPES D,F,K) 6 6 2 7 ew we ee 800 mW z i ae 
For Ta, = +100 to +125 C (PACKAGE TYPES D,F,K) . . Derate Linearly at 12 mW/ C to 200 mW je 73 StOY 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 2 
FOR T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types). 5 6. 100 mw s Meee: i HHH | 
OPERATING-TEMPERATURE RANGE (TA): £ 23] ay tH 
PACKAGE TYPES D,F,K,H) ©. 2 . 2. ee 8B tO +128°C ° HHH 
PACKAGE TYPEE © 2 ww we ~40 to +85 C @ iG 16 8 
STORAGE TEMPERATURE RANGE (Tyg) ee 6B to #180°C ee tag ee ee ee haak on Te 
LEAD TEMPERATURE (DURING SOLDERING): 5 Fig.2 ~— Minimum output tow (sink) current | 
At distance t/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. & Repeated se 2 265°C characteristics. F 
DRAIN-TO-SOURCE VOLTAGE (Vosi—V 
-l5 -10 -5 io] 
AMBIENT TEMPERATURE (T,)*25 °C 
RECOMMENDED OPERATING CONDITIONS raneesveviewectvoeis fetes ffi a 
For maximum reliability, nominat operating conditions should be selected so that oper- Lio 3 
ation is always within the following ranges: é 
His & 
3 
rt c 
at 2 
° 
Supply-Voltage Range (For Ta = Full Package- Pe ge | ape | - he 
Temperature Range) 3 Vv Mat Hs0= 
3 : 
tH f 3 
a pasdeans: 
9209-24320R3 
Fig.3 — Typical output high (source) current 
characteristics. 
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CD4585B Types 


TRUTH TABLE 


OUTPUTS 
COMPARING CASCADING | ourrurs | 


Tat, at] a0, eo [ace 
x 


Xx x 1 0 
x x 1 0 
Al> Bl x x 1 0 
Ai=B1 | AO> BO x x 1 Q 
0 1 
1 
0 


A3=B3 | A2=B2 | A1l=B81 | AO=B0 
A3=B3 | A2=B2 | A1l=B1 | AO=B0 
A3=B3 | A2=B2 | Ai=B1 | AO=B0 


A1=B1 | AO<BO x 
x x 
Xx x 
Xx x 
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Fig.4 — Logic diagram. 92cL- 31008 
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< 2 
GATE -TO-SOURCE VOLTAGE (Vgc) ~5 V: r : t 
4 Ay A 
+f +t is = x. 
Ho» 8 z z 
a oa = 3 a 
Pe = = 
& = = 
H ~10V 3 z Ed 200F 
og - i 
S z BS 
a z Fel et 
= 
e s 5 : 
HH £ 2 
=15V 3 < ft Si 
is = fe itt Eg 
5 SOT: as ail ate Ee E 
| Lee 
2 + Atte 333 shied edeet tes: a. a. 7 | 
3 HBB THREES: HEE if EEE EET EH ¢ i H tt Ht 
° 20 6400—~—C6O—ssC00 ° i 60 30 160 
LOAD CAPACITANCE (C,)—pF LOAD CAPACITANCE (CL )—-pF 
92C8-24321AZ 9268-24322 9205-32066 
Fig. § — Minimum output high (source) current Fig. 6 — Typical transition time as a function of Fig. 7 — Typical propagation delay time (“com- 
characteristics. load capacitance. paring inputs” to outputs) as a func- 


tion af load capacitance. 
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STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 


Values at -55, +25, +125 Apply to D, F, K, HW. Packages 
Values at —40, +25, +85 Apply to E Package T 
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DYNAMIC ELECTRICAL CHARACTERISTICS 
At Ta = 25°C; Input t,, tp = 20ns, Cy = 50 pF, Ry = 200kQ 
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CHARACTERISTIC 
Propagation Delay Time: 


Comparing Inputs to 
Outputs, tpy te tPLH 


Cascading Inputs to 


Outputs, tpHL- tPLH 


Transition Time, 
TTHL: TTLH 
Input Capacitance, Ciyq 





Any {nput 











CD4585B Types 
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2 468% 2 Biot? 460032 4 6B 
CLOCK INPUT FREQUENCY ( fy} kHz. 9203-32068 
Fig. 8 — Typical dynamic power dissipation as a 
function of clock input frequency (see 
Fig. 9—dynamic power dissipation test 
circuit). 
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(IN BINARY 


Yoo 
INPUTS 

Voo NOTE: 

oG) MEASURE INPUTS 

° SEQUENTIALLY, 

ss TO BOTH Vpp AND Veg: 
CONNECT ALL UNUSED 
INPUTS TO EITNER 
Vo OR Vgs- 

ss 


92C8-27402 


Fig. 10 — Input current test circuit. 


Yoo 
INPUTS OUTPUTS 
Vin 
oe +, 
2 = 
Vie 
NOTE: 
Vss 


TEST ANY COMBINATION 
OF INPUTS 


92CS-27441R1 


Fig. 11 — Input-voltage test circuit. 
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CD4585B Types 


Yoo 





Vss 
92CS-27401R1 


Fig. 12 — Quiescent-device-current test circuit. 


TERMINAL ASSIGNMENT 





82 ' Yoo 
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co4sese 
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tp TOTALS tp (COMPARE) + 2 x ty (CASCADE) at Voge iov 
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(3 STAGES) 


= 1204 2(80}* 280 ns (TYR) 


92CM~ 3IO07RI 


Fig. 13 — Typical speed characteristics of a 12-bit comparator. 
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Dimensions and Pad Layout for CD4585BH 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mits (( 107° inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
Cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown, The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 














CMOS 


8-Bit Addressable Latch 


High-Voltage Types (20-Voit Rating) 


The RCA-C047248 = &-bit addressable latch 
is a serial-input, parallel-output storage regis- 
ter that can perform a variety of functions. 


Data are inputted to a particular bit in the 
tatch when that bit is addressed (by means 
of inputs AO, A1, A2) and when WRITE 
DISABLE is at a low level. When WRITE 
DISABLE is high, data entry is inhibited; 
however, alt 8 outputs can be continuously 
read independent of WRITE DISABLE and 
address inputs. 


A master RESET input is avaitabie, which 
resets all bits to a logic “0” level when RESET 
and WRITE OISABLE are at a high level. 
When RESET is at a high fevel, and WRITE 
DISABLE is at a low level, the latch acts as 
a 1-0f-8 demultiplexer; the bit that is ad- 
dressed has an active output which follows 
the data input, while all unaddressed bits 
are held to a logic “0” level. 

The C04724B types are supplied in 16-tead 
hermetic ceramic dual-in-line packages (D 
and F suffixes), 16-lead plastic dual-in-line 
packages (E suffix), and in chip form (H 
suffix). 
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Features: 


Serial data input 8 Active parallel output 
Storage register capability = Master clear 
Can function as demuitiplexer 


100% tested for quiescent current at 20 V 
Maximum input current of 1 “A at 18 V 
(full package-temperature range), 100 nA 

at 18 V and 259°C 

Noise margin (full package-temperature 
range) = 1 V at Vpp =5 V, 2 Vat Vop 
=10V, 2.5 Vat Vpop = 15 V 

= 5-V, 10-V, and 15-V parametric ratings 
Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Standardized, symmetrical output characteristics 


CD4724B Types 
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FUNCTIONAL DIAGRAM 





Applications: 
@ Multi-line decoders 
# A/D converters 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vp) 
(Voltages referenced to Vsg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) 
For Ta = --58 to +100°C (PACKAGE TYPES D,F) 


For Ta = +100 to +125°C (PACKAGE TYPES 0, F) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (Alt Package Types) 


OPERATING-TEMPERATURE RANGE (ah 

PACKAGE TYPES D, F, H . 
PACKAGE TYPE E : 

STORAGE TEMPERATURE RANGE (Terg? 

LEAD TEMPERATURE {DURING SOLDERING): 


At distance 1/16 £ 1/32 inch (1.59 + 0.79 mm) from case for 105 max. 


S2CN-309I3 


Fig. 1— Logic diagram of CD47248 and detail of 1 of 8 latches. 





‘ —0.5 to +20 V 
-0.5 to Vago +0.5 V 
a +10 mA 


; 500 mw 

Derate Linearly at 12 mW/°C to 200 mW 
500 mw 

Derate Linearly at 12 mW/°C to 200 mW 


100 mw 

~55 to +125°C 
~40 ta +85°C 
~65 to +180°C 


+265°C 


ad i) Yoo 
2 RESET 
a2 3 WRITE OISABLE 
Qo 4 DATA 
at $ Q7r 
a2 6 6 
o3—|7 0s 
Vgg 8 a4 





TOP VIEW 


92C8~ 30917 


TERMINAL ASSIGNMENT 


[@ATE-TO-SOURCE VOLTAGE (VggisI8 V4 


QuTPUuT LOW (SINK CURRENT pd ~ma 


3 
DORAIN~TO-SQURCE VOLTAGE (Vpsi—V¥ 


92C$-24300K5 


Fig. 2— Typical output low (sink) 
current characteristics. 
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RECOMMENDED OPERATING CONDITIONS at Ta= 25° C (Unless otherwise specified) 
For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


CHARACTERISTIC 


Supply Voltage Range: 
(At Tp = Full Package 
Temperature Range) 
Pulse Width, ty 


Data 


MODE SELECTION 
ADDRESSED | UNADDRESSED 
LATCH LATCH 
fo [0] Follows Data | Holds Previous 
State 
Follows Data_ | Reset to “0” 
(Active High 8- 
Channel 
Demultiplexer) 
rch 











Holds Previous State 


WD = WRITE DISABLE R= RESET 





Setup Time, ts 


Data to WRITE DISABLE 92c8-27676R) 
Fig. 3— Definition of WRITE DISABLE ON time. 


Hold Time, ty 
Data to WRITE DISABLE 





* Circled numbers refer to times indicated on master timing diagram. 


Note: In addition to the above characteristics, a WRITE DISABLE ON time (the time that WRITE 
DISABLE is at a high level) must be observed during an address change for the total time that the 
external address lines AO, A1, and A2 are settling to a stable level, to prevent a wrong cell from 
being addressed » 
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Fig. 4— Minimum output low (sink) 
current characteristics. 
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sol 
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Fig.6 — Typical output high (source) 
current charecteristics. 


Fig. 5— A/D converter 
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CD4724B Types 


STATIC ELECTRICAL CHARACTERISTICS DRAIN =TO SOURCE, NOLTARE (108) 


-15 -0 o 
LIMITS AT INDICATED TEMPERATURES (°C) ae 
Values at —55, +25, +125 Apply to D,F,H Packages 
Values at —40, +25, +85 Apply to E Package 
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Fig. 8 — Typical propagation delay time 
(data to Oni vs. load capacitance. 
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{nput Current 
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TRANSITION THE (trig .tTUnI— ee 













LOAD CAPACITANCE (6.)~ oF 


9203-20327 


95-103 
(2,912 -2:616) Fig. 9 — Typical transition time vs. load 
capacitance. 


AMBIENT TEMPERATURE [Tg }* 25°C 
———=L0A0 CAPACITANCE (CL) 915 pF | 

















4-10 
(0.102 - 0,254) ‘S2CM - s09ls 








The photographs and dimensions of each CMOS chip 


83-91 
(2.108 - 2.311) represent a chip when it is part of the wafer. When the 















CD4724BH wafer is separated into individual chips, the angle of 
DIMENSIONS AND PADLAYOUT _ cleavage may vary with respect to the chip tace for 10° 10! 2 ios 10% 108 
different chips. The actual dimensions of the isolated ADORESS"CXCLE TIME Sa 
Dimensions in parentheses are in millimeters and oe meratore, ne ee oe eon the fominal ae a 
A ra z e i. fimensions shown. 1e us6r Should consider a toleranc 
are derived from the basic inch dimensions as of ~3 mils 10 +16 mils applicable to the nominel Fig. 10 — Typical dynamic power dissipation vs. 
indicated. Grid graduations are in mils (10~* inch). dimensions shown. address cycle time. 
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CD4724B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25° C, C, = 500F, 


Input ty, t¢ = 20 ns, Rt = 200 KQ 


CONDITIONS 


CHARACTERISTIC 


Propagation Delay: tpi y, 


LIMITS 
ALL PACKAGE TYPES 


Yoo 
Cada eee ral 


tPHL a ee ee 


Data to Output, 
WRITE DISABLE 


to Output, tery, 


‘PHL 


=~ 
~ 
oa 
w 
3 


Reset to Output, 


Address to Output, 


Transition Time, 


(Any Output} 


Minimum Pulse 
Width, ty @) 
Oata 


Address 


[=] 


+ 
IN 
8/38 


~“ 
on 


Minimum Setup 


Time, ts 
| Data to WRITE DISABLE 


Minimum Hold 


© 


Time, ty 
Data to WRITE DISABLE 


WRITE O1SOOLE 


ve LSS 


Fig. 15— Master timing diagram. 
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92CS-27677 


Yoo 
Vv 
INPUTS 
° 
Yss 
92CS- 274OIRE Ves 
Fig. 11— Quiescent device current 
test circuit. 
Yoo 
INPUTS OUTPUTS 
Vim 
; 
° ey 
Viv + 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS, 
923-2744." 


Fig. 12— input voltage test circuit. 


Yoo 


INPUTS. 
Yoo NOTE 
Nei MEASURE INPUTS 
o SEQUENTIALLY, 
ss TO BOTH Vp AND Vgs 
CONNECT ALL UNUSED 
WPUTS TO EITHER 


Von OF Vss, 
Vss 
g2cs-27802 


Fig. 13— Input current test circuit. 


ao 00! 
At po2 
a2 - 003 
A3 + 004 
DATA IN 00s 


006 
eo? 
o08 


O09 
0010 
oil 
0012 
O13 
0014 
00:5 
0016 





* 1/6 CO4069 


pp 9209-3094 


Fig. !14— 1 of 16 decoder/demultiplexer. 


’ 
0047248 co4oié ' IN/OUT z 





as 


9208-30018 


Fig I6— Multiple selection decoding — 4x 4 
crosspoint switch. 














CMOS 32-Stage Static Left/Right Shift 


Register 


The RCA-CD40100B is a 32-stage shift reg- 
ister containing 32 D-type master-slave flip- 
flops. 

The data present at the SHIFT-RIGHT INPUT 
is transferred into the first register stage syn- 
chronously with the positive CLOCK edge, 
provided the LEFT/RIGHT CONTROL is at 
a low level, the RECIRCULATE CONTROL 
is at a high level, and the CLOCK INHIBIT 
is low. tf the LEFT/RIGHT CONTROL is at 
a high level and the RECIRCULATE CON- 
TROL is also high, data at the SHIFT-LEFT 
INPUT is transferred into the 32nd register 
stage synchronously with the positive CLOCK 
transition, provided the CLOCK INHIBIT is 
low. The state of the LEFT/RIGHT CON- 
TROL, RECIRCULATE CONTROL, and 
CLOCK INHIBIT should not be changed 
when the CLOCK is high. 


Data is shifted one stage left or one stage 
right’ depending on the state of the LEFT/ 
RIGHT CONTROL, synchronously with the 
positive CLOCK edge. Data clocked into the 
first or 32nd register states is available at the 
SHIFT-LEFT or SHIFT-RIGHT OUTPUT 
respectively, on the next negative CLOCK 
transition (see Data Transfer Table). No 
shifting occurs on the positive CLOCK edge 
if the CLOCK INHIBIT line is at a high 
level. With the RECIRCULATE CONTROL 
low, data in the 32nd stage is shifted into the 


High-Voltage Types (20-Volt Rating) 


Features: 


© Fully static operation 
@ Shift left/Shift right capability 
= Multiple package cascading 
® Recirculate capability 
8 LIFO or FIFO capability 
@ Standardized, symmetrical output 
characteristics 
100% tested for quiescent current at 20 V 
Maximum input current of 1 vA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
® Noise margin (full package-temperature 
range) = 
1VatVpp=5V 
2VatVpp =10V 
2.5 V at Vpp = 15 V 
8 5-V, 10-V, and 15-V parametric ratings 
® Meets al! requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


first stage when the LEFT/RIGHT CON- 
TROL is tow and from the 1st stage to the 
32nd stage when the LEFT/RIGHT CON- 
TROL is high. 


The CD40100B types are supplied in 16- 


lead hermetic duat-in-line ceramic packages 
(D and F suffixes), 16-lead dual-in-line plas- 
tic packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DOC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) ........... 


INPUT VOLTAGE RANGE, ALL INPUTS 


DC INPUT CURRENT, ANY ONE INPUT ........... 


POWER DISSIPATION PER PACKAGE (Pp): 


For T, = -40 to +60°C (PACKAGE TYPE €) ....... 
For T, = +60 to +85°C (PACKAGE TYPE E) ....... 
For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 





asGhatendistaherdhan' wig ole 'e Beldiainye- o:a\etuis' vl atecaieinis 062.5 -0.5 to +20 V 


0.5 to Vpp +0.5 V 


Pag suse ae VEEN THe SAL See tase saya Feee +10 mA 


Dooce cece nun saneaeeeeesesoecios seeeyeeeees SOO MW 


moa Nees Rad wes cece cence eee ete eeeteyeeeece s OOO MW 


For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .............0.--00e-s 100 mw 


OPERATING- TEMPERATURE RANGE (Ta): 


PACKAGE TYPES D, F,K,H ..........020 cesses 





Abed 6 4 Sele ei alae Bie wih vedloag ale Oe els dia dlaca' a's ate -55 to +125°C 





PACKAGE TYPE E «. “40 to +85°C 
STORAGE TEMPERATURE RANGE Tstg) B iieeh, diane Sidlee’e alcie'o te a e/a'e Sie CaS Obes lew eee ee -€5 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. ........... dararetitereiuishate sis +265°C 


CD40100B Types 


LEFT/RIGHT 
CONTROL 


RECIRCULATE 
CONTROL 


92CS- 27567 


FUNCTIONAL DIAGRAM 





Applications: 


= Serial shift registers 

®@ Time delay circuits 

= Expandable N-bit data storage stack 
(LIFO operation) 


GATE-TO-SOURCE VOLTAGE (Vgg)«15 V 





OUTPUT LOW (SINK) CURRENT Qo? —m 





DRAIN-TO-SOURCE VOLTAGE (Vos) —V 


92c8-24318R3, 


Fig. 1 —° Typical output low (sink) 
current characteristics. 





AMBIENT TEMPERATURE (T,)=25 °C 


op mA 
a 


GATE ~-TO-SOURCE VOLTAGE (Veg}*15V 

















lov 


mn 
Ca 


$V: 


OUTPUT LOW ISWK) CURRENT (1. 


5 [ 
DRAIN-70-SOURCE VOLTAGE {Vps)—V 


veer -20319ME 


Fig. 2— Minimum output tow (sink} 
current characteristics, 
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CD40100B Types 


cLocK TL 
a3 

‘CLOCK INHIEIT cL 
m2 






SHIFT RIGHT SHIFT LEFT 
UO O4 
PUT ouTPuT 





Rr 
a 
ad 

; 



























LEFT/RIGHT 
13: 5 
CONTROL 
s 
STAGE 2 
RECIRCULATE 
#9 er 
CONTROL 
[~ “staces 3-30 | 
R (ALL IDENTICAL TO 
LL STAGES 2 AND 31) | 
Yoo 
*, Vss 
"ALL INPUTS PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 
ce SHAFT RIGHT 
re) 
SHIFT LEFT oe 
* so >>___-__ pee 
INPUT 
-DETAIL OF TYPICAL 0-TYPE M-S FLIP-FLOP 
tL 
€ aw 
| ES | 
ce 
suck -27500R2 
Fig. 3 — Logic diagram. 
CLOCK 





=—tpLw—e4 I 


ouTPUT | 1 92CS -28795R1 


Fig. 4 — Timing diagram defining setup, hold, and propagation delay times. 
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ORAIN- TO-SOURCE VOLTAGE (Vps)—-V 
-15 +10 <6 o 


AMBIENT TEMPERATURE (Ta)*25 °C: 
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92E$> 2ABORN 


Fig. 5 — Typical output high (source) 
current characteristics. 


ORAIN-TO-SOURCE VOLTAGE (Vos)—V 
=15, =10 ~5 ° 


AMBIENT TEMPERATURE (Tals 25°C 








PROPAGATION OELAY TIME (py, fpiHl— ne 


UAAMABAARRARAANE 
GATE -TO-SQURCE VOLTAGE (Vgg) 

















OUTPUT HGH ISOURCE) CURRENTIL OH)-—mA 





o2cs-24seime 
Fig. 6 ~ Minimum output high (source! 
current characteristics. 


AMBIENT TEMPERATURE {Ty )*25°C 





























ee 
sy 
eSa pees t : 
pose aves az; 
pesesecceess ce 
+ TUTTE Bs 
sire it it ae SOErAGE (Von? SY 
THER 
TH. + 
THtet 
Ba pence sacenas 
+ 10¥ 
Sv 
° 20 40 6 80 100 


LOAD CAPACITANCE (CL)—pF a2es- 20706 
Fig. 7 ~ Typical propagation delay time 
(CLOCK to SHIFT LEFT/RIGHT} 
as a function of load capacitance. 








TRANSITION TIME (trHt §TLH)—As 


AMBIENT TEMPERATURE (Ta}=25 









3 


° 20 4 60 80 100 
LOAD CAPACITANCE (C,)—pF 


9208-24322 


Fig. 8 — Typical transition time as a function 
of load capacitance. 








RECOMMENDED OPERATING CONTITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that operation 
is atways within the following ranges: 












CHARACTERISTIC LIMITS UNITS 


iF 


Supply-Voltage Range (For Ta = Full Package- 
Temperature Range) 






25 
“oO 


100 

Data Setup Time, ts 20 
10 

275 

Data Hold Time, ty 100 
75 









Clock Input Frequency, fo, mHz 


Clock Input Rise or Fall Time, t-CL, teCL $ 
450 
230 
190 


Clock Input Pulse Width: 
Low Level, ty 


8 
3 


N 
WO om 
Ae 






High Level, twH 





CONTROL TRUTH TABLE 
LEFT/RIGHT CLOCK RECIRCULATE ACTION {INPUT BIT 
CONTROL INHIBIT CONTROL ORIGIN 
Shift left Shift left input 
Shift right 


0 Shift right Stage 32 
ae ee 


DATA TRANSFER TABLE* 


CLOCK 
INPUT (NHIBIT STAGE CHANGE STAGE Q 

Ea) Se TE eer (Eg 
I el a (a 
a a I ee 
Fac eS Ee a ee Le NO | 
i ee a 
















Shift left 















\ 





\V 


NC 
ne 
0 = Low level 1 = High level X= Don't care 
* For Shift-Right Mode 
Data Input = SHIFT-RIGHT INPUT {Term. 11) 
Internal Stage = Stage 1 (Q,) 
Output = SHIFT-LEFT OUTPUT (Term. 4) 


= 0 
ee ae 





NC = No change 


For Shift-Left Mode 
Data Input = SHIFT-LEFT INPUT (Term. 6) 
Internal Stage = Stage 32 (45) 
Output = SHIFT-RIGHT OUTPUT (Term. 12) 





POWER DISSIPATION (Pp}—pW 





CD40100B Types 





3] AMBIENT TEMPERATURE (Ta 1+ 25°C 

4] LOAD RESISTANCE (R, #200 Kn | 

INPUT RISE @ FALL TIME Ry 
(ty ty 82On8 6 


























saat» sects w 2 aed w 







—C, #50 pF 
TaneL 15 oF 












i "0 4 oe ge? 4 103 « ios? 4 O88 
CLOCK INPUT FREQUENCY { fc, )—KHz 
92cs- 20707 

Fig. 9 — Typical dynamic power dissipation 


as a function of CLOCK frequency. 





9203- 27401R1 


Fig. 10 — Quiescent-device-current test circuit. 


Yoo 


INPUTS. 
Yoo NOTE: 
MEASURE INPUTS 
° @) SEQUENTIALLY, 
Vss TO BOTH Von AND Vg: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Voo OR Vsg- 
Vss 


92Cs-27402 


Fig. 11 — Input-current test circuit. 


Yoo 
INPUTS OUTPUTS 
Vin 
None + 
° a 
Vin = 
NOTE: 
Vss TEST ANY COMBINATION 
OF (NPUTS 
92CS-27441R1 


Fig. 12 — Input-voltage test circuit. 
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CD40100B Types 
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STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS 























Values at ~55, +25, +125 Apply to D, F, K, H._ Packages 
CHARACTER- Values at —40, +25; +85 Apply to E Package 
tense 
Typ. 



















Ramesses #125 | Min. | | Max. | 
Quiescent Device{_- [os[s | 5 [ 5 | 150 | 150] - [008] 5 | 
c t 
Te ee eee ih 
| -  |ois{ 15 {20 {| 20 | 600 | 600 [ - {0.04 | 20 | 
pee ee ett 
Output Low 1.05 | 5 [oes [oer | 042 | o3s6 [051] 1 | - | 
(Sink) Curren mar faretet ve tas tas fos tas [ae = 
sieaate fois] 15 | 42 [4 [28 [24 [34 7 68 | - | 
Output High ras fess [aonlaai-ee cosa T= 
pense | os | s | -2 [-18 [-1.3 [-1.15[-16 [ -32 | - | 
ave Soe eaten dae 
Ouro Vai ee oe Re ee 
Li 
eee [oxo vo [00s =o Ton] 
fois [1s [0 = 0 008 | 
Output Voltage: a : 
Hig ont fo.t0] 10 | [aes {to [ — | 
ee CL eae em (CE 


impatow —fosast = [st +s [= {= [is] 
ag A CE I 

"_fisisst— [as [a TH 
or gg OC a a Ee : 
votes eee AR PA eS 
vin. pists pt 


tnput Current —5 
max | — [eof feofer] = [= [- befor] = | 


10 20 30 7 50 i 70 80 90 100 110 
| 
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“4 4-10 
(0.102 - 0.254) 


Dimensions and pad layout for CD401008H. 






































dimensions shown. 





























fame 








fO7-15 > 
(2.717-2.921) 92cs- 28796 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10~~ inch]. 





(2.210-2.403) The photographs and dimensions of each CMOS chip 

7 represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of ~3 mils to +16 mils applicable to the nominal 








CD40100B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 25°C, input ty, te = 20 ns, 
C, = 50 pF, —— 


CHARACTERISTIC 


Propagation Delay Time: 
Clock to Shift Left/Right 


Output, tPLH: PHL 


Transition Time, tTHL: tTLH 


Minimum Data Setup Time, ts 


Minimum Data Hold Time, ty 





Maximum Clock Input Frequency, fot 


Minimum Clock Input Pulse Width: 
Low Level, twi 


High Level, tw 










rr 





we 

CLOCK INHIBIT 

CLOCK 

SHIFT LEFT OUT 
Nc 

SHIFT LEFT IN 

nc 


ss 


LEFT/RIGHT CONTROL 
SHIFT RIGHT OUT | 
SHIFT RIGHT IN 

we 

RECIRCULATE CONTROL 





erxravrun 
8 


TOP view 


NC«NO CONNECTION 


92CS- 27568 


TERMINAL ASSIGNMENT 
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CD40101B Types 


CMOS 9-Bit Parity 
Generator/Checker 
High-Voltage Types (20-Volt Rating) 


The RCA-CD40101B is a 9-bit (8 data bits 
plus 1 parity bit) parity generator/checker. 
It may be used to detect errors in data trans- 
mission or data retrieval. Odd and even 
outputs facilitate odd or even parity genera- 
tion and checking. 

When used as a parity generator, a parity 
bit is supplied along with the data to generate 
an even or odd parity output. 

When used as a parity checker, the received 
data bits and parity bits are compared for 
correct parity. The even or odd outputs are 
used to indicate an error in the received 
data. 

Word-length capability is expandable by 
cascading. The CD40101B is also provided 
with an inhibit control, If the inhibit control 
is set at logical ‘1’’, the even and odd out- 
puts go to a logical “0’". 

The CD40101B types are supplied in 14- 
lead dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
ages (E suffix), 14-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 


TERMINAL ASSIGNMENT 





TOP VIEW 


9208-27398 




















ALL INPUTS ARE vs 
PROTECTED BY $s 
COS/MOS PROTECTION 
NETWORK 





Features: 
100% tested for maximum quiescent 
current at 20 V 
@ Maximum input current of 1 uA at 
18 V over full package-temperature 
range; 100 nA at 18 V and 25°C 
® Noise margin (full package-temperature 
range): 1VatVop2=5V 
2VatVpp =10V 
2.5 V at Vpp = 15.V 
@ 5-V, 10-V, and 15-V parametric ratings 
= Standardized, symmetrical output 
characteristics 
@ Meets all requirements of JEDEC 
Tentative Standard No. 13A, “Standard 
Specifications for Description of ‘B’ 
Series CMOS Devices.” 


o2es-2r307 


FUNCTIONAL DIAGRAM 





MAXIMUM RATINGS, Absoiute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 












(Voltages referenced to Vgg Terminal) ....... 0. cece ee cee tenner nent teen n eee -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS » 0.5 to Vop 10.5 V 
OG INPUT GURRENT, ANY ONE INPUT 00.00. ice eee eer r erence reer e nett tenet ene eeceee +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ty = -40 to +60°C (PACKAGE TYPE E) ......-. 0c eeesce eee et erent te erences terres snes 500 mw 

For T, = +60 to +85°C (PACKAGE TYPE E) ......--..-s 20.00 

For T, = -85 to +100°C (PACKAGE TYPES D, F, K) 

For T, = +100 to +125°C (PACKAGE TYPES D, F, K) .........- Derate Linearly at 12 mW/°C to 200 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For Tg = FULL PACKAGE-TEMPERATURE RANGE (Ail Package Types) ......... cece ener eee 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES DF, K, Ho... cece cece cece reenter n teen eee n een een anas tee -55 to +125°C. 

PACKAGE TYPE E ......-2.0seeeeeee ss.» ~40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) ..- ~65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 105 Max. ...... 6. eee ee eee eee eee +265°C 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


Supply-Voltage Range (For Ta = 
Full Package-Temperature Range) 





Truth Table 


X = Don’t Care 
Logic 1 = High 
Logic 0 = Low 





92GM-29038 


Fig.1 — CD40101B logic diagram. 
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STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 


CHARACTER- 
ISTIC 


Quiescent Device 
Current, 
IpD Max. 


Output Low 


{Sink} Current ee 
| 15 [ors] 15 [42 
jos | 5 | 


lot Min. 


Output High 
(Source) 
Current, 

{OH Min. 


Output Voltage: 
Low-Level, 
VoL Max. 


Output Voltage: 
High-Level, 
VOH Min. 


Input Low 
Voltage, 
Vit Max. 


Input High 


Voltage, 
Vin Min, 


Input Current 
lin Max. 


ioe] 
ee ee 


LIMITS AT INDICATED TEMPERATURES (°C) 


Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40,+25,+85 Apply to E Package 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; input ty, te = 20 ns, 


CHARACTERISTIC 


Data Propagation Delay Time, 
tPHL. tPLH 


Inhibit-to-Output Propagation 
Delay Time, = tPHL. tPLH 


Transition Time, true. tTLH 


C_ =50 pF, Ry = 200k 


Input Capacitance, Ciry Any Input 


it o 


ie a ae ee 


& 
> 


3 
> 








CD40101B Types 
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OUTPUT LOW (SINK) CURRENT (Iq) — mA 


AMBIENT TEMPERATURE (Ta)= 25 °C: 
mi t 


















































GATE-TO-SOURCE VOLTAGE (Vgs)* 
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Ss Lo) 6 
ORAIN~TO-SOURCE VOLTAGE (Vps)—V_ 


Fig.2 ~ Typical output low (sink) 
current characteristics. 
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OUTPUT LOW (SINK) CURRENT (Ip)) —mA 
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AMBIENT TEMPERATURE (Ta)#28%6 
























































GATE = TO-SOURCE 





VOLTAGE (Vgg)e 


ozcs-24300R3 


15V 












































HOV, 




















Sv 


5 0 J 
DRAIN~TO~SOURCE VOLTAGE (Vpg)—-V 
ozes 


2031981 


Fig.3 — Minimum output tow (sink} 


current characteristics, 


ORAIN~TO- SOURCE VOLTAGE (Vpg]—V 
=15 =10 “5 
IMPERATURE (Ta)*28°C 


GATE -TO~SOURCE VOLTAGE (Vgs)*-5V 
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< 
8 
OUTPUT HIGH (SOURCE) CURRENT(L O4)— mA 
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92c$- 2652085 


Fig.4 ~ Typical output high (source) 


current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vpg)—V 
-I5 -10 -5 


AMBIENT TEMPERATURE (Ta)« 25°C. 


IGATE-TO-SOURCE VOLTAGE (Vgg)*-5 vi 
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92cg-2 


& 
OUTPUT HIGH (SOURCE) CURRENT(L oH)—mA 


a3ziR2 


Fig.§ — Minimum output high (source) 


current characteristics. 
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AMBIENT TEMPERATURE (Ta)=25°C 
[ S]ameienr vemPperatune ( ta)-25°C, 
AMBIENT TEMPERATURE (Tye 25°C ¢ 4 
aw 
: f eae (Von = H H 4 
‘ 
z TT SUPELY = 2 ey 
3 # # < 
zg abe ree 94 zZ oH pr 
[Frco oebiGabuS9 bbnst teen? bedes Spees ees E 200 Bo 
i : ae: fo 
= He z + tH ZB 10% 
= pees noe! = 50 yee H A Oy 
Ey wo 4 a. 4 
= t z ee ‘l 
i ts é "30° es 
200} 5 xR Fy 
ts Aoy 2 ie 2 
F = = Oy. f y "es 
H cs Tritt: 13V PA 15. Hy 
: z 
5 
i 
° [ 20 30 40 c=) a 1m 80 90 «100 9 20 4 60 80 100, 1 10 102 4104 10 
LOAD CAPACITANCE (Cy) ~ pF LOAD CAPACITANCE (CL)— pF INPUT FREQUENY 4 fyy) mh 
D265 -29038 92C5~24322 secs: 29005 
Fig.6 — Typical propagation delay time as a function Fig. 7 — Typical transition time as a function Fig. 8 — Typical dynamic power dissipation as 
of load capacitance. of load capacitance. a function of input frequency. 
‘a ? 
INPUTS. (NPUTS, QUTPUTS 
NOTE Vii 





Yop MEASURE INPUTS ry 
S(t SEQUENTIALLY, @ 
° TO BOTH Vpg AND Vgg: Vib < 














Vss CONNECT ALL UNUSED cad 
INPUTS TO EITHER 

i “pp OR Vgg NOTE: 
Vss Vss TEST ANY 
COMBINATION 
9205-2900 9205" 2740) RD ss, 92c5-2tsoe 9208-2744 IRI OF INPUTS 

Fig.9 — Dynamic power dissipation Fig. 10 — Quiescent-device- Fig.11 — Input-leakage Fig.12 — Input-voltage 
test circuit. current test circuit. current. test circuit. 


DIMENSIONS AND PAD LAYOUT FOR CD40101B 






72-80 
(1.829—2.032) 














4-10 
(0.102-0.254) 


Paracas 63-7) .. 
{1.600 —1,.803) 


o— 
Z = ‘ g2c$-29037 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
water is separated into individual chips, the angie of Dimensions in parentheses are in millimeters and 
cleavage may vary with respect to the chip face for are derived from the basic inch dimensions as in- 
different chips. The actual dimensions of the isolated dicated. Grid graduations are in mils (1073 inch). 
chip, therefore, may differ slightly trom the nominal 

dimensions shown. The user should consider a tolerance 

of —3 mils to +16 mils applicable to the nominal 

dimensions shown. 





386 








CMOS 8-Stage 


Presettable Synchronous © Synchronous or asynchronous preset 


Down Counters 


High-Voltage Types (20-Volt Rating) 


CD40102B — 2-Decade BCD Type 
CD401038 — 8-Bit Binary Type 


The RCA-CD40102B, and CD40103B con- 
sist of an 8-stage synchronous down counter 
with a single output which is active when the 
internal count is zero. The CD40102B is con- 
figured as two cascaded 4-bit BCD counters, 
and the CD40103B contains a single 8-bit 
binary counter. Each type has control inputs 
for enabling or disabling the clock, for clear- 
ing the counter to its maximum count, and 
for presetting the counter either synchro- 
nously or asynchronously. Al! control inputs 
and the CARRY-OUT/ZERO-DETECT out- 
put are active-low logic. 

In normal operation, the counter is decre- 
mented by one count on each positive tran- 
sition of the CLOCK. Counting is inhibited 
when the CARRY-IN/COUNTER ENABLE 


) input is high. The CARRY-OUT/ 


ZERO-DETECT [CO/ZDY output goes low 


when the count reaches zero if the CI/CE 


input is Jow, and remains tow for one full 
clock period. 

When the SYNCHRONOUS PRESET-ENA- 
BLE (SPE) input is low, data at the JAM in- 
put is clocked into the counter on the next 
positive clock transition regardless of the 
state of the CI/CE input. When the ASYN- 
CHRONOUS PRESET-ENABLE (APE) in- 
put is low, data at the JAM inputs is asyn- 
chronously forced into the counter regard- 
less of the state of the SPE, CI/CE, or 
CLOCK inputs. JAM inputs JO-J7 represent 
two 4-bit BCD words for the CD40102B and 
a single 8-bit binary word for the CD40103B. 
When the CLEAR (CLR) input is tow, the 
counter is asynchronously cleared to its 
maximum count (99749 for the CD40102B 
and 25549 for the CD40103B) regardless of 
the state of any other input. The precedence 
relationship between control inputs is indi- 
cated in the truth table. 

If all control inputs except CI/CE are high at 
the time of zero count, the counters will 
jump to the maximum count, giving a count- 
ing sequence of 100 or 256 clock pulses tong. 
The CD40102B and CD40103B may be cas- 
caded using the CI/CE input and the CO/ZD 
output, in either a synchronous or ripple 
mode as shown in Figs.21 and 22. 

The CD40102B and CD401038 types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16- 
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form {(H suffix). 


CD40102B, CD40103B Types 


Features: 


@ Medium-speed operation: fo. = 
3.6 MHz (typ.) @ Vpp = 10 V 

® Cascadable 

® 100% tested for quiescent current at 20 V 

@ Maximum input current of 1 vA at 18 V 
over full package-temperature range; 100 
nA at 18 V and 25°C 


& Noise margin (full package-temperature 
range) = 1VatVpp= 5V 
2 Vat Vpp = 10 V 
2.5 Vat Vpp = 15 V paar 
®@ Standardized, symmetrical output 
characteristics 
@ 5-V, 10-V, and 15-V parametric ratings 
© Meets all requirements of JEDEC Ten- 
tative Standard No.13A, “Standard 
Specifications for Description of ‘B’ 
Series CMOS Devices” 
Applications: 
® Divide-by-“N” counters 
@ Programmable timers 
® Interrupt timers 
® Cycle/program counter 


6~STAGE 
DOWN 


COUNTER 


C040102B, CD40103B 
FUNCTIONAL DIAGRAM 





RECOMMENDED OPERATING CONDITIONS AT Ta = 25°C, Unless Otherwise Specified 


For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 


Vop 
Supply Voltage Range (At Ta = Full Package- 
Temperature Range) 


Clock Pulse Width, tw 












Clear Pulse Width, tw 
APE Pulse Width, tw 
Clock Input Frequency, fo. 
Clock Rise and Fall Time, t,CL, t¢CL 
SPE Setup Time, tsy 
Jam Setup Time, tsy 


CI/CE Setup Time, tsu 
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CD40102B, CD40103B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (Pp): 

For T, = -40 to +60°C (PACKAGE TYPE E) 1.00.0... 0.02.0 cece cc ece eee tence eee ee eee eee een ees 500 mw 

For T, = +60 to +85°C (PACKAGE TYPE E) ‘ 

For T, = -55 to +100°C (PACKAGE TYPES D, F, K) .....0..0.0.cecceececeeeeeeeseeneeeenenes 500 mw 

For Ty = +100 to +125°C (PACKAGE TYPES D, F,K) .........- Derate Linearly at 12 mW/°C to 200 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T, = FULL PACKAGE-TEMPERATURE RANGE {All Package Types) 0.00... ..-...seee eee 400 mw 
OPERATING-TEMPERATURE RANGE (Ta): J £ se a3 

PACKAGE TYPES D, Fok) Hoi iecsi isda ce sof5esba ahh ons osucleevanteteeaeddeedecbess ~55 to +125°C PaAw TO-sOGNCE VOLTAGE Wns 

PACKAGE TYPE E .........0...000eces . -40 to +85°C ; ; ; apa 
STORAGE TEMPERATURE RANGE (Tgtg) ....002220000ceccceeeenssseeeteeeeteneteeees -65 to +150°C Fig. 1 — Typical output low {sink) current 
LEAD TEMPERATURE (DURING SOLDERING): earn teristics, 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. 0... -- cece eee cee eee ee +265°C 





AMBIENT TEMPERATURE (Ta)= 25°C) 
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GATE-TO-SOURCE VOLTAGE (Vgg)*I5 V 
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QUTPUT LOW (SINK) CURRENT (Iq.i ~ mA 
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AMBIENT TEMPERATURE (Ta)"25°C 
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STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
CHARACTER- Values at —40, +25, +85 Apply to E Package 
ISTIC 








5 











tov 


_ 
aw 


2 





: 


‘OUTPUT LOW (SINK) CURRENT (Ip) — mA 





n 
w 


sv 


Typ. 


° $ © 
ORAIN- TO- SOURCE VOLTAGE (Vps)—-V 
92c8 -24319A1 


Quiescent Device 
Current, 
'pp Max. Fig. 2 — Minimum output low {sink} current 
characteristics. 


Output Low 
(Sink) Current 
lo Min. 


DRAIN- TO- SOURCE VOLTAGE (Vps)—-V 


Output High 
{Source) 
Current, 

lou Min. 





Low-Level, 
VoL Max. 








Output Voltage: 
High-Level, 
Vou Nin. 


OUTPUT HIGH (SOURCE) CURRENT LI Om) — mA 























92C5 24sCORE 


Fiy. 3 — Typical output high (source) current 


Input Low utp 
7 characteristics. 


Voltage, 
Vit Max. 


DRAIN-TO-SOURCE VOLTAGE (Vpsi—¥ 
-13 x10 5 ° 


Input High 
Voltage, 
Vint Min. 


(nput Current 
lin Max. 


Heel Hi i i 
ed il al oleh 
HBB aft 





[ Tye. | 
| 0.04 | 
Ee 
cy 
La 
28 | 
=e 
pea 
28 | 
| 88 
Output Voltage: } 0 | 
pO 
ml 
ae 
poe 
pete) 
as 
ae 
pee 
Ea 
es 
El 


a BB et 
ae i 


Ee ce 
| HEE 


s2cs-2aszine 
Fig. 4 — Minimum output high (source) current 
characteristics. 





OUTPUT HIGH (SOURCE) CURRENT LL OM)~ mA 
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CD40102B, CD40103B Types 





DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, C, = 50 pF, 
Input ty, ty = 20 ns, Ry = 200k2 


AMBIENT TEMPERATURE (Ta)*25°C 


Conditions 


Vpb 
{v) 


Characteristic 


Propagation Delay Time (tpHL. tPLH): 


Clock-to-Output (See Fig. 6) 


TRANSITION TIME (tHe TL HI —O8 





Carry In/Counter Enable-to-Output 





[) O 60 80 100 
LOAD CAPACITANCE (C.)~ pF 
92C5- 24322 


Fig. 5 — Typical transition time as a function of 
load capacitance. 


Asynchronous Preset Enable-to-Output 





Clear-to-Output 





Transition Time (tTHL.tTLH) 





Minimum Clock Pulse Width, (ty) 


Minimum CLR Pulse Width (ty) 





PROPAGATION DECAY TIME (tq, tPLKI— Ae} 








Minimum APE Pulse Width (ty) LOAO CAPACITANCE eae ee 


a2c$- 206 


Fig. 6 — Typical propagation delay time as a func-_ 
tion of load capacitance (clock to CO/ZD). 





Minimum APE Removal Time (trm) 








AMBIENT TEMPERATURE (Tq)+25°C “j 
LOAD CAPACITANCE (C, }*50 pF 2 





























Minimum SPE Set-Up Time (tgy) 


~ 




































































Minimum CI/CE Setup Time (tg) 



















































































ny 









































Minimum JAM Set-Up Time (tgyy) 
(Synchronous presetting} 




















MAXIMUM CLOCK INPUT FREQUENCY (fc. MAKI==MHz 
y 














Maximum Clock Input Frequency (fo,) 
(See Fig. 7) 


0 5 10 18 20 
SUPPLY VOLTAGE (Vppi—V 


- oOo 
own 


928-2017 


Fig. 7 — Typical maximum clock input frequency 
Input Capacitance (Cin) R as a function of supply voltage. 




















Yoo 
OUTPUTS INPUTS. 
Yoo NOTE 
+ One MEASURE INPUTS 
° SEQUENTIALLY, 
_ ss 10 BOTH Vpp AND Vgg | 
~ CONNECT AL, UNUSED 
INPUTS TO EITHER 
NOTE: Vpp OF Vgg- 
TEST ANY COMBINATION Vss 
OF INPUTS 
” 92cs-27002 
2S -2 PA 4ER: 
CLOCK INPUT FREQUENCY (fc, )— his 9 * (Re 
s2c3-20n8 92cs- 2740181 
Fig. 8 — Typical dynamic power dissipation as a Fig. 9 — Quiescent device : ct : 
function of frequency. current test circuit. Fig. 10 — Input voltage test circuit. Fig. 11 — Input current test circuit, 
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CD40102B, CD40103B Types 
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Lv] 

* 
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els 
¥o $> 












































* € 
[} ->— ane! 
MSO 
* u4 * J5 J6 v7 
CARRY OUT/ 
ZERO DETEC 
































Vss 


Fig. 12 — 








* ALL INPUTS ARE 
PROTECTED BY COS/MOS 
PROTECTION NETWORK 


92cu -2B8i2RI 


Logic diagram for CD40102B. 
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CD40102B, CD40103B Types 





mo > 






























































































































































ALL INPUTS ARE 


PROTECT 


EO BY COS/MOS 


PROTECTION NETWORK 


Vss 


Sec. -26813R2 


Fig. 13 — Logic diagram for CD40103B. 
TRUTH TABLE 


CONTROL INPUTS 






Notes: 1. 0 = Low level 3. 
1 = High level 
X = Don't care 4. 


PRESET ACTION 
MODE 


Synchronous 


Preset asynchronously 
2. 






Inhibit counter 


Preset on next positive 
clock transition 












Clear to maximum count 


Clock connected to clock input 
Synchronous operation: changes occur on negative-to- 
Positive clock transitions 
JAM inputs: CO401028 BCO; MSD = J7,J6,J5,J4 (47 is MSB)} 
LSD = J3,J2,J1,JO (J3 is MSB) 
CD40103B Binary; MSB = J7, LSB = JO 
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CD40102B, CD40103B Types 





v7 


co/z20 


€D40102B COUNT 
0401038 COUNT 
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92cm 20818 


Fig. 14 — Detail logic diagram for flip-flops, FFO — FF7, 
used in logic diagrams for CD40102B and CD40103B. 

















255 | 254 3 2 | o 


CLOCK 

CLEAR 

CARRY IN/COUNTER ENABLE 
JO 






































255 | 254] 254 j253 8 7 6 5 4] 285 


Yoo 
SYNCHRONOUS PRESET ENABLE 


CARRY OUT/ZERO DETECT 





4 

2 
3 
4 
5 
6 
7 
8 


ASYNCHRONOUS PRESET ENABLE 


92C$-28821RI 


CD40102B, 
CD40103B 


TERMINAL ASSIGNMENT 


TO GATING 


TO GATING 





98) 97 | 96 
254 | 253 | 252 








92cL- 20815 














92cs-28819 


Fig.16 — Maximum clock frequency 
test circuit. 


(+2 mode). 






FROM 
N p COUNT DOWN MICROPROCESSOR 
DATA 
o- PRESET BUS 


PRESET TIMER 
Vs (1/0 COMMANDO) 


Ne TIME OUT x fi 


92CS-27714Rt 


Fig.19 — Programmable timer. 


SAORK ence cO/ZDh Perce CO/zDh rere 60/20}-— SASCARE 
CLOCK CLOCK 


ss Vs¢ 
9208-27717 





Fig.22 — Ripple cascading. 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils {10-3 inch). 


Dimensions and pad layout for CD401028. 


10 20 30 40 50 60 70 80 930 100 Il 118 






97-105 
(2.464-2.667) 






































: "ily 
0 
=|. TG02=-6-284) 415 -123 
; E921 3.124) x 


92CM-35088 





Fig.17 — Dynamic power dissipation test circuit 





Fig.20 — Microprocessor interrupt timer. 


CD40102B, CD40103B Types 


fout = 
tiy FINAN 


92C8-27713 


92c5- 26820 


Fig.18 — Divide-by-“N” counter, 


coso7ie” 
cLoCK 
ENABLE. ICL/CE. CO/ZO}—-4CI/CE CO/ZD CL/CE CO/ZD 
CLOCK CLOCK. CLOCK 
CASCADE 
OUTPUT 


INPUT 
CLOCK 





TO 
‘MICROPROCESSOR 








y2cs-e7716R) 


* An output spike (160 ns @ Vpp = 5 V) accurs 
whenever two or more devices are cascaded in 
the parallel-clocked mode because the clock-to- 
carry out delay is greater than the carry-in-to- 
carry out delay, This spike is eliminated by 
gating the output of the last device with the 


mace e776 clack as shown. 


Fig.21 — Synchronous cascading. 


The photographs and dimensions of each CMOS chip 
represent @ Chip when it is part of the wafer. When the 
water is separated into individual chips, the angle of 
Glaavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
Chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD40103B. 
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‘fics : 
ve (2484-267) 
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921-312 92CM-350B7 
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CD40104B, CD40194B Types 
CMOS 4-Bit Bidirectional 


Universal Shift Register 


High-Voltage Types (20 Voit Rating) 


The RCA-CD40104B is a universal shift 
register featuring parallel inputs, parallel 
outputs, SHIFT RIGHT and SHIFT LEFT 
serial Inputs, and a high-impedance third 
output state allowing the device to be us- 
ed in bus-organized systems. 


In the parailel-load mode (SO and $1 are 
high), data is loaded into the associated 
flip-flop and appears at the output after 
the positive transition of the CLOCK in- 
put. During loading, serial data flow is in- 
hibited. Shift-right and shift-left are ac- 
complished synchronously on the 
Positive clock edge with serial data 
entered at the SHIFT RIGHT and SHIFT 
LEFT serial inputs, respectively. Clearing 
the register is accomplished by setting 
both mode controls tow and clocking the 
register. When the output enable input is 
low, all outputs assume the high im- 
pedance state. 


The RCA-CD40194B is a universal shift 
register featuring parallel inputs, parallel 
outputs SHIFT RIGHT and SHIFT LEFT 
serial inputs, and a direct overriding clear 
input. tn the parallel-load mode (SO and $1 
are high), data is loaded into the 
associated flip-flop and appears at the 
output after the positive transition of the 
CLOCK input. During loading, serial data 
flow is inhibited. Shift right and shift left 
are accomplished synchronously on the 
positive clock edge with data entered at 
the SHIFT RIGHT and SHIFT LEFT serial 
inputs, respectively. Clocking of the 
register is inhibited when both mode con- 
trol Inputs are low. When low, the RESET. 
input resets all stages and forces all out- 
puts low. 


Features: 


m= Medium-speed: fou = 12 MHz. 
fy) @ Vpp = 10V 
w Fully static operation 


. bs nchronous parallel or serial operation 
a 


ree-state outputs (CD40104B) 


@ Asynchronous master reset (CD40194B) 


@ Standardized, symmetrical output 
characteristics 

m5-V, 10-V, and 15-V parametric 
ratings 

@ Meets all requirements of JEDEC 
Tentative Standard No. 13A, “Stan- 
dard Specifications for Descrip- 
tion of ‘B’ Series CMOS Devices 


Applications: 

@ Arithmetic unit bus registers 

@ Serlal/parallel conversions 

@ General-purpose register for bus- 
organized systems 

m General-purpose registers 





The CD40104B and CD40194B types are 
supplied in 16-lead ceramic dual-in-line 
packages (D and F suffixes), 16-lead dual- 
in-line plastic packages (€ suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 


The CD40194B is similar to industry types 
340194 and MC40194. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) ............ 


INPUT VOLTAGE RANGE, ALLINPUTS .... 


DC INPUT CURRENT, ANY ONE INPUT ............ 


POWER DISSIPATION PER PACKAGE (Pp): 
For T, =-40 to +60°C (PACKAGE TYPE E) ... 


For Ty = +60 to +85°C (PACKAGE TYPE E) ........ 


For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 


For T , = +100 to +125°C (PACKAGE TYPES D, F, K) 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 








Gta d Pete oy weg aa Van otelely Be Bone wee & -0.5 to +20 V 


. 70.5 to Vop +0.5 V 


Lange lade ste pga ceases eer ee sual des ag aeedie +10 mA 


Ubudgigts Chen eh eiaieiete sea heels €5.0% see tatty es 500 mw 





For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ................0.s005 100 mW 


OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES D, F,K,H .......... ccc eeeeeee 





PACKAGE TYPE E ..............000005 ~40 to +85°C 
STORAGE TEMPERATURE RANGE (T, EC -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 105 MAX. 2.6... eee sce eeeeceues +265°C 
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QUTPUT 


92cs-24816R2 CD40104B 
FUNCTIONAL DIAGRAM 









MODE 
SELECT Voo = 16 
Vgs *8 


92CS-24822R2 
CLOCK 


CD40194B 
FUNCTIONAL DIAGRAM 
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° SRaInc#o ounce soLTAbE Neate ResS-eanien? 
Fig. 1—Typical n-channel! output low (sink) 


current characteristics. 





AMBIENT TEMPERATURE (T])*25 °C 


‘od — mA 
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OUTPUT LOW {SINK) CURRENT (I 
ni 
: 


























°o 5 0 IS 
DRAIN~TO-SOURCE VOLTAGE (Vps)--V 9208 241 9R1 
Fig, 2— Minimum n-channel output low (sink) 


current characteristics. 











CD40104B, CD40194B Types 




























































































































































































RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. nnn Tg" sounce vores aly ‘ 
For maximum reliability, nominal operating conditions should be selected so AMBIENT TEMPERATURE (Tale25"C FT 4 4 
that operation is always within the following ranges: a oahvnavedvrurelsei cure Z rs H 
10 oh 
CHARACTERISTIC 5 
7 15 « 
Supply-Voltage Range (For Package-Temperature Range) ee 08 
Setup Time, : 8 
00, D3, SRIN, SLINto clock FI 

I5V -30 

SELECT 0, SELECT 1 to clock a 





























ozes-2aszons 
Fig. 3—Typical p-channel output high {source) 
current characteristics. 


Hold Time, 
DO, DO3, SRin’ SLiy to clock 


DRAIN-TO-SOURCE VOLTAGE (Vps}——-V 



























































































































































































































































-15 =10 -§ i*) 
28" 7 
SELECT 0, SELECT 1 to clock priveniiveientrerttoiveriy 3 a 

GATE -TO- SOURCE VOLTAGE (Veg) -5Y¥. H ti 

ite ae 

Clock Pulse Width, tt 5 
f Ht & 

-t0v Nos 

HHH is 8 

Clock Input Frequency tt 5 
en H Led 

ee 5 

Clock Input Rise or Fal! Time, t,CL, txCL H F 


















































* Fig. 4—Minimum p-channel output high (source) 
Reset Pulse Width, current characteristics. 





















































































































































































































































































































































impedance 


* fe AMBIENT TEMPERATURE (Ta d= 28°C) 
For CD40194B series only. t f ; 
3 Hy: rs 
CONTROL TRUTH TABLE FOR CD40194B SERIES Jeo ee ueee! i i Seats 
2 HS are SY wot al 
a ENABLE us iisaemeeeerereettt 
5 t eases: eases igssesa Hit ty 


Operations occur as shown Fig. ~via chee aie delay time as a 
: ‘unction of load capacitance, 
above, but outputs assume high (CLOCK to Q). 


AMBIENT TEMPERATURE (Ta)e25° 





TRANSITION TIME (tTHU,tTLH)—O8 













[oe lM a 


Don't care Fig. 6 ~Typical transition time as a function 
Level change of load capacitance. 





LOAD CAPACITANCE (C_}— pF 
92¢8~2es22 





5 
= 
a 
< 
A 
> x 
fm 
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CD40104B, CD40194B Types 


SHIFT RIGHT B 
INPUT 











OUTPUT 
ENABLE 


* O—>—D-«e 








* wiPUTS PROTECTEORY 
COS/ MOS PROTECTION 
NETWORK 


Yes 
92CL - 32285 





Fig. 7~CD40104B logic diagram. 
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CD40104B, CD40194B Types 


























Yoo 
* ipUTS PROTECTED BY 
COS/ MOS PROTECTION 
NETWORK 
6s 


Fig. 8-CD40194B logic diagram. 
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STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES 
CONDITIONS 
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CHARAC. 
TERISTIC 


Values at —55, + 25, +125 Apply 
to D, F, K,H Packages 
Values at —40, +25, +85 Apply to E 
Package 
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WEL AMBIENT TEMPERATURE (Tq )=25°C 
4 «(LOAD CAPACITANCE (Cy 1=50 pF 
gon (CL) SF 














a 
T 


TYPICAL DYNAMIC POWER DISSIPATION(Pp)-,W 
i} 
eu 
TTF | ttt 
nS 

















FREQUENCY (1¢)— kHz 
92CS- 32281 


Fig. 9—Typical power dissipation as a function 
of frequency. 
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92CS-32283 


Fig. 10—Dynamic power dissipation test circuit. 





92C5- 27401RI 
Fig. 11—Quiescent-device-current test circuit. 











DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, 
Input tr, t¢ = 20 ns, CL = 50 pF, RL = 290k2 


LIMITS 
Aad Ps a 
Typ. 



















CHARACTERISTIC 





Propagation Delay Time: 
Clock to Q tpHL, tPLH 


3-State Outputs: 
High Impedance 
tP2H, tPZL, 


Output Transition Time 
tTHL, tTLH 





Minimum Setup Time: 
DO, D3, SRin, SLIN to 
Clock 
SELECT 0, SELECT 1 
to Clock 








Minimum Hold Time: 
DO, D3, SRIN, SLIN 
to Clock 
SELECT 0, SELECT 1 
to Clock 










Minimum Clock Pulse 
Width 














Maximum Clock Input 
Frequency foL 


Maximum Clock Rise or 
Fail Time 
trCL, tC 









‘00 


150 
twrR io pe 
Reset Propagation Delay* 460 
tPRHL “ a 180 
15 130 


Input Capacitance Cin Any Input ae ee 


W@ For CD40104B series only. * For CD40194B series only. 





Mininum Reset Pulse 
Width* 
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Yoo 


‘ INPUTS, | QUTPUTS 





NOTE: 
¥ss TEST ANY Y COMBINATION 
OF INPU 
92CS-27441R1 


Fig. 12—input-voltage test circuit. 


INPUTS 
<4 


NOTE 


beg TO BOTH Vpp AND Vsg: 
— CONNECT ALL UNUSED 


a, ( ) MEASURE INPUTS 
° SEQUENTIALLY, i 





INPUTS TO EITHER 
Vop OF Vss: 
Vss 
92es-zra0z 


Fig. 13—Input current test circult. 


TERMINAL DIAGRAMS 


OUTPUT ENABLE 
SHIFT RIGHT IN 
po 

DI 

be 

03 

SHIFT LEFT IN 


Yss 





\ 
2 
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4 
5 
6 
? 
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TOP VIEW 
9208 - 27548 


CD40104B 





SHIFT LEFT — 
Yss— 





TOP VIEW 92¢5- 27603 


C040194B 
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92-100 
(2,337-2.540) 








lL 4-10 
(0.102-0.254) 


94-102 92CM-32 266 
(2,388-2.551) 





Dimensions and pad layout for CD40104BH 











94 eae 
(2.388-2.991) 


lo 4-10 
(0.102-0.254) 
92CS-32287 


Dimensions and pad layout for CD40194BH 


The photographs and dimensions of each CMOS chip 

represent a chip when it is part of the water. When the 

Dimensions in parentheses are in millimeters and patel is separated into individual chips, ib angie of 
. : . : c 

are derived from the basic inch dimensions as in- FE a ee eR eee ohie tace:-for 


4 2 different chips. The actual dimensions of the isclated 
dicated. Grid graduations are in mils {10-3 inch). chip, therefore, may differ slightly from the nominal 


dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown, 
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CMOS FIFO Register 
4 Bits X 16 Words 
High-Voltage Types (20-Volt Rating) 


The RCA-CD40105B is a low-power first-in- 
first-out (FIFO) “‘elastic’’ storage register 
that can store 16 4-bit words. It is capable of 
handling input and output data at different 
shifting rates. This feature makes it particu- 
larly useful as a buffer between asynchronous 
systems. 


Each word position in the register is clocked 
by a control flip-flop, which stores a marker 
bit. A “1” signifies that the position’s data is 
filled and a "0" denotes a vacancy in that 
position. The control flip-flop detects the 
state of the preceding flip-flop and com- 
municates its own status to the succeeding 
flip-flop. When a control flip-flop is in the 
“O" state and sees a ‘1 in the preceding 
flip-flop, it generates a clock pulse that 
transfers data from the preceding four data 
latches into its own four data latches and 
resets the preceding flip-flop to “0’’. The 
first and last control flip-flops have buffered 
outputs. Since all empty locations “bubble” 
automatically to the input end, and all valid 
data ripple through to the output end, the 
status of the first contro! flip-flop (DATA- 
IN READY) indicates if the FIFO is full, 
and the status of the last flip-flop (DATA- 
OUT READY) indicates if the FIFO con- 
tains data. As the earliest data are removed 
from the bottom of the data stack (the out- 


put end), aJl data entered later will automati- 


cally propagate (ripple) toward the output. 

Loading Data — Data can be entered when- 
ever the DATA-IN READY (DIR) flag is 
high, by a low to high transition on the 
SHIFT-IN (SI) input. This input must go low 
momentarily before the next word is accepted 
by the FIFO. The DIR flag will go low 
momentarily, until the data have been trans- 


Features: 


= Independent asynchronous inputs and outputs 

® Expandable in either direction 
® Reset capability 
® Standardized, symmetrical output characteristics 


™ 3-state outputs 
§ Status indicators on input and output 


® 100% tested for quiescent current at 20 V 

= 5-V, 10-V, and 15-V parametric ratings 

@ Maximum input current of 1 yA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 

® Noise margin (over full package-temperature 
range): 1 V at Vpp =5 V 
2VatVpp=10V 25 Vat Vop= 15 V 


™ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


ferred to the second location. The flag will 
remain low when all 16-word locations are 
filled with valid data, and further pulses on 
the Si input will be ignored until DIR goes 
high, 


Unloading Data — As soon as the first word 
has rippled to the output, DATA-OUT 
READY (DOR) goes high, and data can be 
removed by a falling edge on the SO input. 
This falling edge causes the DOR signa! to 
go low while the word on the output is 
dumped and the next word moves to the 
output. As tong as valid data are available 
in the FIFO, the DOR signal will go high 
again signifying that the next word is ready 
at the output. When the FIFO is empty, 
DOR will remain low, and any further 
commands will be ignored until a ’1’" marker 
ripples down to the last contro! register, 


MAXIMUM RATINGS, A bsolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) .........-- 


INPUT VOLTAGE RANGE, ALL INPUTS 


DC INPUT CURRENT, ANY ONE INPUT ........... 


POWER DISSIPATION PER PACKAGE (Pp): 


For Ta, = -40 to +60°C (PACKAGE TYPE E) ....... 
For T, = +60 to +85°C (PACKAGE TYPE E) ....... 
For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 





oiled Sis S Bele eres Anlae lipides Bal eae 9 gE Tanase ~0.5 to +20 V 


... ~0.5 to Vpp +0.5 V 


S Sdialacavelpigyetavaperetiahecgia.d waa aaa create eS eee +10 mA 
aha ined agli a teasers toaie da tecatals abemierseee 500 mW 


Hi dinred Dhased ean ely STAT eRe d vinjelely wos Hew N 500 mW 


For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .......-...+--++2s00-: 100 mW 


OPERATING-TEMPERATURE RANGE (Ta): 





PACKAGE TYPES D, F,K,H ........ 0. ccc c cece eee e cece r ent n eee t eee en nent ene cn tens -§5 to +126°C 

PACKAGE TYPEE .............0.505- . ~40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. .......- ee eee ee eee eee eee +265°C 





CD40105B Types 


92CS~27262Ra2I 


FUNCTIONAL DIAGRAM 





Applications: 

§ Bit rate smoothing 

= CPU/terminal buffering 
= Data communications 

@ Peripheral buffering 

® Line printer input buffers 
@ Auto dialers 

= CRT buffer memories 

@ Radar data acquisition 


when DOR goes high. Unloading of data is 
inhibited while the 3-state control input is 
high. The 3-state controf signal should not be 
shifted from high to low (data outputs 
turned on} while the SHIFT-OUT is at logic 
0. This level change would cause the first 
word to be shifted out (unloaded) immedi- 
ately and the data to be lost. 


Cascading — The CD40105B can be cascaded 
to form longer registers simply by connecting 
the DIR to SO and DOR to SI. In the cas- 
caded mode, a MASTER RESET pulse must 
be applied after the supply voltage is turned 
on. For words wider than 4 bits, the DIR 
and the DOR outputs must be gated together 
with AND gates. Their outputs drive the 
S! and SO inputs in parallel, if expanding 
is done in both directions (see Figs. 4 and 5). 


3-State Outputs — In order to facilitate data 
busing, 3-state outputs are provided on the 
data output lines, while the load condition 
of the register can be detected by the state 
of the DOR output. 


Master Reset — A high on the MASTER 
RESET (MR) sets all the control logic marker 
bits to "0". DOR goes Jow and DIR goes 
high. The contents of the data register are 
not changed, only declared invalid, and will 
be superseded when the first word is loaded. 
The shift-in must be !ow during Master Reset. 


The CD40105B types are supplied in 16~ 
lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 
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CD40105B Types 


RECOMMENDED OPERATING CONDITIONS at 25°C, Except as Noted INPUT QUTPUT 


BUFFERS BUFFERS 
For maximum reliability, nominal operating conditions should be selected so that operation 00 4) rh (i3)a0 
is always within the following ranges: » @D>—| 4x1 (ida 


easter LSE Gee 
CHARACTERISTIC LIMITS 
Supply-Voltage Range (For Ta = Full Package ~ 
Temperature Range) 


Shift-In or Shift-Out Rate 



































3-STATE CONTROL 


DATA-IN READY (DIR) DATA-OUT READY (D0R) 


O—<H CONTROL LoGic 


SHIET (N (ST) 


















SHIFT OUT (SO) 







MASTER 
RESET 9205+ 272B3R2 
(MR) 









5 200 Fig. 2 — CD401058 functional block diagram. 
Shift-In Pulse Width (Pin 3) 10 80 
15 60 
5 180 
Shift-Out Pulse Width (Pin 15) 10 75 
18 55 
Shift-In or Shift-Out Rise Time 

















= 92cg-27284R1 
=MASTER RESET pulse must be applied when 


cascading by 16 N bits. 







Shift-In Falt Time 


Fig. 3 — Expansion, 4-bits wide-by-16 N-bits long. 







Shift-Out Fall Time 


Pa | 
a 


Data Hold Time 







5 220 


= 
o 
o 
o 


Master Reset Pulse Width 






[| Max. | 
15 
15 
15 


«< 
& 
a 
Bi 2 
i 
5 
H 
g 
g 
fs 
3 
3 


60 













* * 
@ SHIFT STATE 
OATA iN READY out ‘CONT ROL 
(OI) 6, (OUTPUT 
\/_ ENABLE? 





ORAIN-TO-SOURCE VOLTAGE (Vps)~-V 
92¢8-24310R3 


Fig. 4 — Typical output low (sink) current 
characteristics. 





AMBIENT TEMPERATURE (Tq)«25 °C. 
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rs ts! 
ee f + GATE ~TO~SOURCE VOLTAGE (Vgg)ei5V 
A : 
3 10 
Zz 
5 rs) 1ov 
DETAIL OF z 
POS 16 LATCHES 3 | 
* 5 
ALL INPUTS PROTECTED BY @ 
COS/MOS PROTECTION = ee 3 25) sv 
NETWORK 
to) 3 0 5 
92CL-2990! DRAIN-TO-SOQURCE VOLTAGE (Vpsi-V 


9205 -2as9M1 


Fig. 5 — Minimum output tow (sink) 
current Characteristics. 


ss 


Fig. 1 — Logic diagram for the CD40105B. 
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CD40105B Types 


STATIC ELECTRICAL CHARACTERISTICS sneer Tose WOME Hoge 7 
LIMITS AT INDICATED TEMPERATURES (°C) 


Values at -55, +25, +125 Apply to D, F, K, H, Packages 
Values at -40, +25, +85 Apply to E Package 


25 
+85 (+125 
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CHARAC- 
TERISTIC 


CONDITIONS 


vai-z 





a 
< 
3 










8 






Current, 
lop Max. 


% 
1 
3 
Z 
i 
2g 
5 
i 
3 


Ww 
(=) w 
alelslal 
w 
o 
oO 


2/8 
wid 
ald 
A 
° 
oo) 


‘= 
fo es 





9205-24320" 
Fig. 6 — Typical output high {source} 
current characteristics, 
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92cs-24yzinz 
Fig. 7 — Minimum output high (source) 
current characteristics. 
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AMBIENT TEMPERATURE (Ta}*25 
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Input High 
Voltage, 
VI H Min. 


Input Current 
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TRANSITION TIME (ITHL.tTLH) 08 


+1 
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LOAD CAPACITANCE (CL)— pF 
92C8-24522 


Fig. 8 — Typical transition time as a function 
of load capacitance. 
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POWER DISSIPATION (Ppi—pW 
eRbEb) 


(ALL @ OUTPUTS 
, 












































Vss 
' 18 bs? + e8los2 aos a 92es- e7eacat 
INPUT FREQUENCY (fy) — RHE RPE GEN Tha 
t 
sece-2ssne PULSE GEN.2 ig 9205-29903 
Fig. 9 ~ Typical dynamic power dissi- Fig. 10 ~ Dynamic power dissipation Fig. 11 — Quiescent-device-current 
pation as a function of frequency. test circuit. test circuit. 
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CD40105B Types 


DYNAMIC ELECTRICAL CHARACTERIST 
Input t,,t¢ = 20 ns, Cy = 50 pF, Ry = 200 kQ 





CHARACTERISTIC 


Propagation Delay Time: 
Shift-Out or Reset to Data-Out 
Ready, TPHL 


Shift-In to Data-In Ready, tpyy,. 


Shift-Out to Q,, Out, 
'PHL: tPLH 


ICS at Ty = 25°C; 








3-State Control! to Data Out 
teZ2H. tpze 


tPpHZ: tpLZ 





Ripple-Through Delay Input to Output 
‘PLH 





Transition Time, tTHL: tTLH 





Maximum Shift-In or Shift-Out Rate, 
f 








Minimum Shift-In Pulse Width, 
(Pin 3) tw 





Minimum Shift-Out Pulse Width, 
(Pin 15) TWe 





Maximum Shift-In or Shift-Out Rise 


Time, t, 








Maximum Shift-In Fall Time, 
tf 


Maximum Shift-Out Fall Time, 
t. 
f 





Minimum Data Setup Time, tsy 


Minimum Data Hold Time, ty 


Data-In Ready Pulse Width, ty 
(Pin 2) 


Data-Out Ready Pulse Width, tw 
(Pin 14) 








Minimum Master Reset Pulse Width, 
tWH 


ies Cpa Gy ovine | - | -| sos [or 
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Yoo 
iweUTS ouTPuTs 
Yon 
Ne * 
° 
Yiu : 
Vss 
NOTE: 
TPT ANY COmmINaTiOn 92C8-27641R1 


Fig. 12 — Input-voltage test circuit. 


PUTS 
Yoo NOTE: 
a, G) MEASURE INPUTS 
° SEQUENTIALLY, 
ss TO BOTH Vang AND Veg; 
CONNECT ALL UNUSED 


INPUTS TO EITHER 
Vo OR Veg: 


92C8-27402 


Fig. 13 — Input current test circuit. 


3-STATE 





92C5-27286R) 


TERMINAL ASSIGNMENT 








CD40105B Types 


MASTER 
RESET 













Sees 


__—_—— 


L_-SHIFT-IN PULSES 
HAVE NO EFFECT i| 


SHIFT IN 
(DATA VALID) 
inputs 


rty— m2 ys 


| | 
SHIFT OUT = ai 
SHIFT—OUT PULSES 
HAVE NO EI 


INPUT READY 
CLEAR OUT) 


OUTPUTS /ouTPUT READY 
‘CATA VALIO} 


















































DaTAOUT # (UNKNOWN) z 
aT Vpp*SV-~RIPPLE TIME FROM POSITION ITO POSITION 16 | =o INVALID 
“at VopsSV-RIPPLE TIME FROM POSITION I6 TO POSITION | 92C8- 29233RI 


#DATA VALID goes to high level in advance of the DATA OUT 
by @ maximum of 60 ns at VOD * § V, 25 ns at VDD = 10 V. 
and 20 ns at VoD = 15 V for CL = 50 GF and Ta = 25°C. 


Fig. 14 — Timing diagram for the CD40105B. 





OATA OUT 
SHIFT REAOY 
In 
8 BIT 6 BIT 
DATA ] ‘DATA 
SHIFT 
DATA IN 
READY 
# MASTER 
RESET 92CM- 26346R1 


*Putsa must be applied for cascading by 16 N bits. 
Fig. 15 ~ Expansion, 8-bits-wide-by-16 N-bits lang using CD40105. 
































The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mits applicable to the nominal 
dimensions shown. 


























4-10 
er OA a a Dimensions.in parentheses are in millimeters and 
(3.424 -3.327) are derived from the basic inch dimensions as in- 


dicated. Grid graduations are in mils (10-3 inch). 





92CM-35086 


Dimension and pad layout for CD401058. 
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CD40106B Types 
CMOS H ex Features: 


. s = Schmitt-trigger action with no external components 
Schmitt Triggers = Hysteresis voltage (typ.) 0.9 V at Vpp =5 V, 2.3 V at 
Vop = 10 V, and 3.5 V at Vpp = 15 V 
High-Voltage Types (20-Volt Rating) ® Noise immunity greater than 50% 
® No limit on input rise and fall times 
= Standardized, symmetrical output characteristics 
The RCA-CD40106B consists of six Schmitt- ™ 100% tested for quiescent current at 20 V 


trigger circuits. Each circuit functions as an Maximum input current of 1 WA at 18 V over full 


inverter with Schmitt-trigger action on the ss 3 0, 
input. The trigger switches at different points packagetemnpetacire conga: 100 nat 1 vend 2670 


for positive- and negative-going signals. The ® Low Vpp to Vss current during slow 


difference between the positive-going voltage input ramp 

(VP) and the negative-going voltage (Vjy) is © 5-V, 10-V, and 15-V parametric ratings 

defined ashysteresis voltage (Vy) (see Fig.6). = Meets all requirements of JEDEC Tentative o2cs- 20662 
The CD40106B types are supplied in 14- Standard No.13A, “Standard Specifications FUNCTIONAL DIAGRAM 


for Description of ‘B’ Series CMOS Devices” 





lead hermetic dual-in-line ceramic packages 
(D and F suffixes), 14-lead dual-in-line plas- Applications: 
tic package (E suffix), 14-lead ceramic flat Wave and pulse shapers 


package: (K suffix), and in chip form (Hg High-noise-environment systems ad fa P ip - 
suffix). = Monostable multivibrators TAS BML? iat 




















































































































































































eck Yoo 
@ Astable multivibrators 
* 
MAXIMUM RATINGS, Absolute-Maximum Values: 05/03 ProTeCTION ey 
DC SUPPLY-VOLTAGE RANGE, (Vpp) Neen 
(Voltages referenced to Vgg Terminal) ..... 0... cece eee ete ete n eee t nee ee ne tt neees -0.5 to +20 V o 
INPUT VOLTAGE RANGE, ALL INPUTS 2.0... ec cece cece reer enter ete eee nee -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT 20... c cece cece ete een rennet nen etn eee +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = -40 to +60°C (PACKAGE TYPE E) oo... cece ccc rete cn eee eet e tte rene net ene tee 500 mW eee Ves 
For Ty = +60 to +85°C (PACKAGE TYPE E) .......... 00s eee eee Derate Linearly at 12 mW/°C to 200 mW , ate 
For T, = -55 to +100°C (PACKAGE TYPES D, F, KK) .... 6. ccc cece ere eer eeeet enn n ener n nee 500 mw Fig.1 — poe slit : ) 
For T, = +100 to +125°C (PACKAGE TYPES D, F,K) ........-. Derate Linearly at 12 mW/°G to 200 mW (Lake Senate triagersi; 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..... 06... eee ence eee 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): isnt eateennate earn 
PACKAGE TYPES D, FF, K, Ho. ccc cece ete e erent nner enn e een enon tenet -55 to +125°C t is 
PACKAGE TYPE E oo. e cece ccc ce cee en eee teen tenn eee eee ene EE EEE Eee Te EEO EOS -40 to +85°C es t tf saseess 
STORAGE TEMPERATURE RANGE (Tstg) ee LST ale UA VOR De CUO LLE Cec tines Sunapee ~65 to +150°C oe nicesei FGATE-TO-SOURCE VOLTAGE (Vagi#18 V ages 
LEAD TEMPERATURE (DURING SOLDERING): & og tt HELL Hesteeseeiteta 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 106 MAX. ..... cece reece ener eens +265°C § att TE i Hate Ht HE 
= OH f ttt fl Terres 
EMU HHLdT Fats cdeua eaoauadSEaaHee dasa feaedtttaat 
i oe v 
RECOMMENDED OPERATING CONDITIONS 3 ‘4 t THT EEE ut esas 
For maximum reliability, nominal operating conditions should be selected 5 9 i t t Hh Hiss 
so that operation is always within the following ranges: 54) Hy rth +. ot. i 
LIMITS issues fasestastats 
CHARACTERISTIC MIN. MAX. UNITS 7 baAnsFo2b0URCE WaLTAGE vost ve 
Supply-Voltage Range (For Ta Fig.2 — Typical output low (sink) 
Full Package: Temperature Range) 3 18 Vv | current characteristics, 
Pe Na ep a larly eee = 200 KO [AMBIENT "TE MEERATORE (Tals25 °C qi #t asiaee 
t Ta = 28°C, lnput ty, t¢ = 20ns, Cy = G0 pF, RL = iit Halll co HHS he 
THT Ther ssnsess 
TEST CONDITIONS LIMITS 's t 

















CHARACTERISTIC 
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Propagation Delay Time: 














tPHL. 
tPLH 












































OUTPUT LOW (SINK) CURRENT (Ig) mA 








Transition Time: 















































tTHL, 
tTLH 


Input Capacitance, Cin Any Input : Fig.3 — Minimum output low (sink) 
current characteristics. 
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DRAIN- TO-SOURCE VOLTAGE (¥ps)—W¥ 
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CD40106B Types 


STATIC ELECTRICAL CHARACTERISTICS DRAIN- TO-SOURCE VOLTAGE (Vps)—v 


-10 -5 o 
I. 










-t 
AMBIENT TEMPERATURE (Tal+25*C 
HHebgee ea badadaie 








LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS ; Vaiues at -55, +25, +125 Apply to D, F, K, H, Packages 
CHARACTERISTIC Values at —40,+25,+85 Apply to E Packages 
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Fig.4 — Typical output high (source) 
current characteristics. 
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Fig.7 ~ Input and output characteristics, 
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Fig.9 ~ Typical voltage transfer characteristics 
as a function of temperature. 
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Fig.14 ~ Typical per cent hysteresis as a function 


Fig.13 — Typical trigger threshold voltage as a of supply voltage. 


Fig.12 ~ Typical power dissipation per trigger 


function of supply voltage. 


as a function of input frequency. 
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Fig. 15 — Typical power dissipation as a function 


Fig.17 — Monostable multivibrator. 


Fig.16 — Wave shaper, 


of rise and fall times. 
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Fig.20 — input current test circuit. 


Fig.19 — Quiescent device current test circuit. 


Fig. 18 — Astable multivibrator. 
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73-81 
{1.854 -2.057) 


Oimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch). 


The photographs and dimensions of each CMOS chip 
represent @ chip when it is part of the wafer. When the 
water is separated into individual chips, the angle of 
ge May vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 

0 chip, therefore, may differ slignhtty from the nominal 
(0.102-0.254) dimensions shown. The user should consider a tolerance 


of ~3 mils to +16 mils applicable to the nominal 
50- 58_—____e dimensions shown. 
1.270-1.473 
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CD40107B Types 


CMOS Dual 2-Input 
NAND Buffer/Driver 


High-Voltage Type (20-Volt Rating) 


The RCA-CD40107B is a dual 2-input NAND 
buffer/driver containing two independent 2- 
input NAND buffers with open-drain single 
n-channel transistor outputs. This device 
features a wired-OR capability and high 
output sink current capability (136 mA typ. 
at Vpp = 10 V, Vps = 1 V). The CD40107B 
is supplied in the 8-lead dual-in-line plastic 
(Mini-DIP) package (E suffix), 14-lead her- 
metic frit-seal ceramic package (F suffix), 
and in chip form (H suffix). 
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NOTE: NUMBERS IN 
SQUARES FOR CO401076F, 


OTHERS FOR CD40107BE Vss 


PROTECTION NETWORK 





Features: 


® 32 times standard B-Series output current 
drive sinking Capability — 136 mA typ. 
@ Vpp = 10 V, Vps =1V 
® 100% tested for quiescent current at 20 V 
= Maximum input current of 1 2A at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
@ 5.V, 10-V, and 15-V parametric ratings 
® Noise margin, full package temperature 
range, Rt. to Vpp = 10 kQ: 
1VatVpop=5V 
2 Vat Vpp = 10 V 
2.5 V at Vpp = 15 V 
® Meets all requirements of JEDEC Tentative 
Standard No.13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


TRUTH TABLE 





*Requires external 
v 4), : 
Vss cat 2 pull-up resistor 
vgs* [7]. (RL) to Vop. 
% ALL INPUTS PROTECTED #Without pull-up 
BY COS/MOS 


resistor (3-state). 


92CS~-29433R! 


Fig. 1 — Schematic diagram of CD401078 (one of 2 gates) 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) .........-- 
INPUT VOLTAGE RANGE, ALL INPUTS ......:.-.. 
DC INPUT CURRENT, ANY ONE INPUT .........-- 
POWER DISSIPATION PER PACKAGE (Pp) .....--- 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For Ty = -40 to +62.5°C (PACKAGE TYPE E) ..... 

For Tg = +62.5 to +85°C (PACKAGE TYPE E) ..... 

For T, = -85 to +87.5°C (PACKAGE TYPES F, H) 

For T, = +87.5 to +125°C (PACKAGE TYPES F, H) 


OPERATING-TEMPERATURE RANGE (Ta): 


Dae crecthdg tie cia 5 Peles a ary days Harel a8 a vo -0.5 to +20 V 
of ogade Rete deabadene as ségeused ~0.5 to Vpp +0.5V 
deen weet e nee e eee ee eee ee reese nennaeanes +10 MA 
dence neces anne ese cce sree esr eecressnateees 500 mW 


saree ene t eee n re nere sree ese eeeeteareasenees 250 mW 


decent eee renee n ee ease eee e nen ee teste tees 250 mW 





PACKAGE TYPES F,H oo... ees cece ee cee ent e erence teen nce este esse sens reeeane -55 to +125°C 

PACKAGE TYPE E .... 2c ccc cece eee etn n ere eee t ence reeeneee -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tgtg) -.- +01 0seer eer ee eee n reese rete eee rer eaten ens -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. .....-. 2... eee eee ere ee +265°C 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal aperating conditions should be selected 
so that operation is always within the following ranges: 





















LIMITS 
T c 
CHARACTERISTI MIN. 
Supply-Voltage Range (For Ta= 
Full Package-Temperature Range) 3 
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FUNCTIONAL DIAGRAM 





Applications 


® Driving relays, lamps, LEDs 
@ Line driver 


® Level shifter (up or down) 
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Fig.2 — Typical output low (sink} 
current characteristics. 
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Fig.3 — Minimum output low {sink} 
current characteristics. 














DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, Cy = 50 pF, Input t,.te= 20 ns 


CHARACTERISTIC 


Propagation Delay: 
High-to-Low, tpyt 


Low-to-High, tPLH 


Transition Time: 
High-to-Low, trHL 


Low-to-High, tTLH 





* R{ is external pull-up resistor to Vpp. 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS —|Values at ~55, +25, +125 Apply to F,H Packages! 
CHARACTER- Values at —40, +25, +85 Apply to E Package 


Vo | Vin }Ypp 
w fw pw 





Quiescent Device 
Current 














Output Low 
(Sink) Current 











Output High 
(Source) 
Current 

{OH Min. 





input Low 
Voltage 











!nput High 
Voltage 











Input Current 
{in Max. 





Output Leakage 
Current 
loz Max. 





* Measured with external pull-up resistor, RL = 10 kQ to Vpp. 
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Fig.4 — Typical transition time as a function of 
load capacitance. 
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Fig.5 — Typical propagation delay time as a 
function of load capacitance, 
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Fig.6 — Typical power dissipation as a 
function of input frequency. 
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Fig. 7 — Power-dissipation test circuit 
for CD40107BE. 
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Fig.8 — Quiescent-device 
current test circuit, 





t Yoo 
| INPUTS 
f Yoo NOTE: 
(1.245~1.447) Sz }> MEAsUne inele 
: 92CS~-29410R2 Vs TO BOTH Vpp AND Veg: 
NOTE: NOS. IN PADS FOR CD401078E CONNECT ALL UNUSED 
NOS. OUTSIDE CHIP FOR CD40107BF vote. 
ss 


Dimensions and Pad Layout for CD40107BH. 
92¢8- 27002 

Dimensions in parentheses are in millimeters and 

are derived from the basic inch aimansions as in- Fig. 9 — Input-current test 

dicated. Grid graduations are in mils (107% inch), 





circuit. 
The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angie of 
Cleavege may vary with respect 10 the chip face for 
different chips. The actual dimensions of the isolated Yoo Yoo 
Chip, therefore, may dilfer slightly trom the nominal 
dimensions shown. The user should consider a tolerance InPUTS. OUTPUTS 10402 
of -3 mils to +16 mils applicable to the nominal 7 
dimensions shown. a) 
anal + 
Vie A 
Yss 
NOTE: 
TEST ANY COMBINATION - 
OF INPUTS 9208-29411 
' Fig.10 — Input-voltage 
test circuit. 
TOP VIEW Top SEN Special Considerations for CD40107B 
92c8- 30010 
92cs-27239R2 seas sas 
1. Limiting Capacitive Currents for CL > 


CD40107B8E CDADIOTBE 500 pF, Vpp > 15 V. 


TERMINAL ASSIGNMENTS For Vpop > 15 V, and load capacitance 
(CL) from output to ground > 500 pF, 
an external 25 2 series limiting resistor 
should be inserted between the output 
terminal and CL. No external resistor is 
necessary if Cy. < 500 pF or Vop < 
15 Vv. 

2. Driving Inductive Loads 

1 When using the CD40107B to drive in- 

ductive toads, the toad should be shunted 

| with a diode to prevent high voltages 

\ from developing across the CD40107B 

output. 


cet Ts TSE ee 
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CMOS 4 x 4 Multiport 
Register 


High-Voltage Types (20-Volt Rating) 


The RCA-CD401088 is a 4 x 4 multiport 
register containing four 4-bit registers, write 
address decoder, two separate read address 
decoders, and two 3-state output buses. 


When the ENABLE input is low, the cor- 
responding output bus is switched, inde- 
pendently of the clock, to a high-impedance 
state. The high-impedance third state pro- 
vides the outputs with the capability of being 
connected to the bus lines in a bus-organized 
system without the need for interface or 
pull-up components. 


When the WRITE ENABLE input is high, 
all data input lines are latched on the positive 
transition of the CLOCK and the data is 
entered into the word selected by the write 
address lines. When WRITE ENABLE is low, 
the CLOCK is inhibited and no new data is 
entered. In either case, the contents of any 
word may be accessed via the read address 
lines independent of the state of the CLOCK 
input. 


The CD40108B types are supplied in 
hermetic 24-lead dual-in-line ceramic 
packages (D and F suffixes); 24-lead dual- 
In-line plastic packages (E suffix), 24-lead 
ceramic flat packages (K suffix), and inchip 
form (H suffix). 


Features: 


® Four 4-bit registers 

= One input and two output buses 

® Unlimited expansion in bit and word 
directions 

® Data lines have latched inputs 

3-state outputs 

® Separate control of each bus, allowing 
simultaneous independent reading of 
any of four registers on Bus A and 
Bus B and independent writing into 
any of the four registers 

® CD40108B is pin-compatible with 
industry type MC14580 

© Standardized, symmetrical output 
characteristics 

= 160% tested for quiescent current at 20 V 

@ Maximum input current of 1 1A at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 

® Noise margin (over full package- 
temperature range): 

1Vat Vpop =5V 
2Vat circa =10V 


2.5 V at Vpp = 15 V 
@ 5.V, 10-V, a Rv parametric ratings 
= Meets all requirements of JEDEC 
Tentative Standard No. 13A, “Standard 
Specifications for Description of ‘B’ 
Series CMOS Devices” 


Applications: 


® Scratch-pad memories 
® Arithmetic units 
® Data storage 


MAXIMUM RATINGS, A dso/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
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WRITE 


ENABLE S-STATE A 


oz | OUTPUT 


cLocKk 3-STATE B 


FUNCTIONAL DIAGRAM 
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ENABLE 6 
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Fig. + — Block diagram. 
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! 
(Voltages referenced to Vgg Terminal) 2.0.2.0... 066s cece ee ee cee ec ecco ee eeeenenenenes -0.5 to +20V 3 
INPUT VOLTAGE RANGE, ALL INPUTS .......... 0.0. cc cece cece cree nee eeceteneee ~0.5 to Vop +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .......0....0 00.2 c ce cee ce ee cee ee ce cee eeeeteventueees +10 mA Fa 
POWER DISSIPATION PER PACKAGE (Pp): 3 
For Ty = ~40 to +60°C (PACKAGE TYPE E) ........... 0c ccec cece eee ecceecceteceu ten scueeens 500 mw z 
For T , = +60 to +85°C (PACKAGE TYPE €) .................- Derate Linearly at 12 mW/°C to 200 mw : 3 
For Ta = -55 to +100°C (PACKAGE TYPES D, F,K) 000.0... ccccecccceccesssessaseveaseseeecs 500 mW 3 RE Hedin iti 
For Ta = +100 to +125°C (PACKAGE TYPES D, F,K) .......... Derate Linearly at 12 mW/°C to 200 mw > 0) HH i fi ETH Rit i i 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 2 5] i tL HiIH HH Hi Hlli H 
For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...........6.2-0000005 100 mw Li A 
OPERATING-TEMPERATURE RANGE (Ta): ? i sees tH HH 
PACKAGE TYPES D, F,K,H 0.0.0... ccc cece cee ee sence cee setncnececeucsecusucssegees -55 to +125°C DRAIN-TO-SOURCE VOLTAGE Weare v 
PACKAGE TYPE E iad. ve csarciaaaeamda tot ave dash webu dnatnvedernostentcvares rood -40 to +85°C Fie. 2 a 
STORAGE TEMPERATURE RANGE (Totg) ..---00ceeccceeeeeeeeeecteeeeteeesesneneeees -65 to +150°C 8/6 = Typical output low {sink} 
LEAD TEMPERATURE (DURING SOLDERING): Ce AE Cimracter eee. 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ........... cece cece eee +265°C 
TRUTH TABLE 
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Fig. 3— Minimum output tow (sink} 
current characteristics. 
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CD40108B Types 


RECOMMENDED OPERATING CONDITIONS at 7, = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation fs always within the following ranges: 

















CHARACTERISTIC 






LIMITS 








UNITS 








Supply Voltage Range 
(For Ta = Full Package a 
Temperature Range) 
Set-Up Time: 

Data to Clock, ts(p) 








Write Enable to Clock, 
ts(WE) 


Write Address to Clock, 
ts(WA) 





Hold Time: 
Data to Clock, ty(p) 









Write Enable to Clock, 
THIWE) 





Write Address to Clock, 
TH(WA) 


Clock Input Frequency, 









fei 10 

15 

Clock Pulse Width, 5 
CL or WE 10 
tw 15 

5 
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Fig. 4— Timing diagram. 
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Fig. 5— Typical output high (source) 
current characteristics. 
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Fig. 6— Minimum output high (source) 
current characteristics. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 25°C; input t,.te = 20 ns, 
Ce = 50 pF, Ry = 200 kQ 


CHARACTERISTIC 


Propagation Delay Time: 


'PHL: tPLH 
Clock or Write Enable to Q 


Read or Write Address to Q 












3-State Disable Delay Time: 





'PZH- 'PHZ 
tPZL tPLZ 














Output Transition Time: 
"THL: TTLH 













Minimum Setup Time: 
Data to Clock tg(p) 










Write Enable to Clock tsiwe) 







Write Address to Clock tsiwa) 







Clock Rise and Fail Time: 
trCL, teCL 










Minimum Hold Time: 
Data to Clock ty(p) 










Write Enable to Clock tH(WE) 







Write Address to Clock tH(WA) 








Maximum Clock Input Frequency, 
fe 


Minimum Clock Pulse Width, 
Clock or Write Enable 












tWICL) 





Write Address 










Average Input Capacitance, 
(Any Input) C 

















CD40108B Types 
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INPUT FREQUENCY (17 )— kHz 

92C$- 29216 

Fig. 9-— Typical power dissipation as a 
function of input frequency. 
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92¢5 27402 


Fig. 10~ Input leakage current 
test circuit. 
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Fig. 1 f— Quiescent-device-current 
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Fig. 12— Input-voltage test circuit. 
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CD40108B Types 


STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 
re 
{V) (Vv) 














LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H, Packages 
Values at —40, +25, +85 Apply to E Package 







CHARACTER- 
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28 | 

































TERMINAL ASSIGNMENT 
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Output Voltage: 
High-Level, 
VOH Min. 
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- [=~ Tors[ 1s [20 7 20 | 600 [ 600 | - [0.04 | 20 | 
Sa) aL a esas 
Output Low [04 | os | 5 [| 064 [061 | 042 | Pose [os1 [| 1 | - | o3a—| 1° 241 Yoo 
(Sink) Curent [95 foro] of 16 [18 [14 | oo fis [26 [| sees cee. 
ouMin [is Tosstostaz ta [ee tzatsat es t= tf sity phan 
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(135 fors| 16 [-a2 [4 [=28 [=24 [aa [on [| re oof net 
Low-Level, Bea escacaesh 
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ee 
es 


Input Low 
Voltage, 
Vit Max. 









Input High 
Voltage, 
ViH Min. 


Input Current 
Vin Max. 
3State Output 


Leakage Current 
lout Max. 
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Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
8o— 2 Grid graduations are in mils (107% inch). 


4-122 
(2.896-3.098) F ; 
The photographs and dimensions of each CMOS chip 
s0— represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
ditferent chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly trom the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
20— ai q dimensions shown. 








amd + 4-10 
F] (0.102—0. 254) 
le 126-134 920$- 29421 
(3.200-3.403) 


Dimensions and Pad Layout for CD40108BH 
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CD40108B Types 


3-STATE 
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Fig. 14— Output-enable-delay-times test 


Fig. 15— Power-dissipation test circuit 
circuit and waveforms. 


and waveforms. 
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CD40109B Types 


CMOS Quad Low-to-High 


Voltage Level Shifter 


High-Voltage Types (20-Volt Rating) 


The RCA-CD40109B contains four tow-to- 
high-voltage level-shifting circuits. Each cir- 
cuit will shift a low-voltage digital-logic 
input signal (A, B, C, D} with logical 1 = Voc 
and logical 0 = Vss to a higher-voltage out- 
put signal (E, F, G, H) with logical 1 = Vpp 
and logical 0 = Vss. 


The RCA-CD40109, unlike other Jow-to- 
high level-shifting circuits, does not require 
the presence of the high-voltage supply 
(Vop) before the application of either the 
low-voltage supply (VCC) or the input sig: 
nals. There are no restrictions on the se- 
quence of application of Vpp, Vcc, or the 
input signals. In addition, with one exception 
there are no restrictions on the relative 
magnitudes of the supply voltages or input 
signals within the device maximum ratings, 
provided that the input signal swings 
between Vgg and at least 0.7 Vcc; Voc may 
exceed Vpp, and input signals may exceed 
Voc and Vpp. When operated in the mode 
Voc > Vpp: the CD40109 will operate as a 
high-to-low level-shifter. 


The CD40109 also features individual three- 
state Output capability. A low level on any 
of the separately enabled three-state output 
controls produces a high-impedance state in 
the corresponding output. 


The CD40109B-Series types are supplied in 
16-lead ceramic dual-in-line packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-iead ceramic flat 
packages (K suffix}, and in chip form (H 
suffix). 


Applications: 

®§ High-or-low level-shifting with three-state 
outputs for unidirectional or bidirectional 
bussing 

® Isolation of logic subsystems using separ- 
ate power supplies from supply sequenc- 
ing, supply loss and supply regulation 
considerations 


TRUTH TABLE 
INPUTS 





Features: 


® Independence of power supply sequence 
considerations—Vc¢ can exceed Vpp, input 





signals can exceed both Vcc and Vpp 
© Up and down level-shifting capability SHETER 
® Three-state outputs with separate enable controls heal 
® Standardized, symmetrical output characteristics 
= 100% tested for quiescent current at 20 V 9208-20407 
@ Maximum input current of 1 uA at 18 V 
over full package-temperature range; FUNCTIONAL DIAGRAM 
100 nA at 18 V and 25°C (Lof¢'units) 
® Noise margin (full package-temperature 
range) 


=1V at Voc =5 V, Vpp = 10 V 
=2V at Vcc = 10 V, Vpp = 15 V 
= 5-V, 10-V, and 15-V parametric ratings 
@ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 
RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


Supply-Voltage Range (For Ta = 
Full Package-Temperature Range) 





MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 





(Voltages referenced to Veg Terminal) ....... 0... cee eee eee eter t een n renee ees -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT 00.0... cece nnn ncn t enn ene nene +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ty, = -40 to +60°C (PACKAGE TYPE E) ..... 0... e cece cece eee eee e terete eee ree nes 500 mw 

For Ta = +60 to +85°C (PACKAGE TYPE E) ........-..0.00 000s Derate Linearly at 12 mW/°C to 200 mW 

For Ty = -55 to +100°C (PACKAGE TYPES DjFj:K)) oie sacra s Poetics eg esate aoestreg alae Bald a lacardtend ate 500 mW 

For Ta = +400 to +125°C (PACKAGE TYPES D, F, K) .......... Derate Linearly at 12 mW/°C to 200 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For Tp = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .........060.. 0c cree 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE-TYPES D:-RAKG IA: ccieiann 2s ols edie dined aitan'k ite asian na Soi ET a5 gage Va eates ~55 to +125°C 

PACKAGE TYPE Bxicancscdiecise eaveeercaarei@ in bs bo Sale da ede sea ENS wats cial ardlans oe Perea ~40 to +85°C 
STORAGE TEMPERATURE RANGE (Totg) ..--- 0-2 eee eee ete eens -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ... 6... eee eee eee eee +265°C 

Yee Yoo 


Yoo 









LEVEL 
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AO 
3(6 ,10,14) 











OUTPUTS 














* LEVEL 4 
ENABLE A O-~ SHIFTER [>e 
oer 217,915) -—— es 
Yee 
Vec=! 
*ALL INPUTS PROTECTED oa 
BY COS/MOS PROTECTION SS" 
NETWORK 
92CS- 29446 
LOGIC 0 = LOW(Vgs) X = DON’T CARE 2 = HIGH IMPEDANCE ss 
LOGIC 1 = Voc at INPUTS and Vpp at OUTPUTS Fig.1 — CD40109B logic diagram (1 of 4 units). 
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CD40109B Types 


STATIC ELECTRICAL CHARACTERISTICS AMBIENT TEMPERATURE (Tals 25°C 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 
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Fig.2 — Typical output low {sink) 
current characteristics, 
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VOH Min. 
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3-State Output 


Fig.3 — Minimum output low (sink) 
Leakage Current 


current characteristics. 


DRAIN-TO- SOURCE VOLTAGE (Vpg)—V 





Input Low 
Voltage, 
Vit Max. 


GATE -TO-SOURCE VOLTAGE (Vgg)*-Sv; 


Input High 
Voltage, 
VIH Min. 


92C8-24920R9 


Fig.4 — Typical output high (source). 
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Fig.5 — Minimum output high (source) Fig.6 — Typical transition time as a function Fig.7 — Typical high-to-low propagation delay time 
current characteristics. of load capacitance. as a function of load capacitance. 
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CD40109B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 25°C, Input tr, te = 20 ns, 
Cy = 50 pF, Ry = 200 kQ unless otherwise specitied 


eau Cene SHIFTING] Vcc | Vpp LIMITS 
s MODE (Vv) Typ. 






LOW-TO-HIGH PROPAGATION DELAY TIME (tpi y)-ns. 












Ww) [_ Max. | 

Propagation Delay — Data Input 300 600 

to Output: LH 220 440 
High-to-Low Level, tpyy,. Jeo sly ns 

10 5 250 500 

H-L 18 5 250 500 

16 10 120 240 

5 10 130 260 

L-H 5 18 120 240 

10 15 70 140 
Low-to-High Level, tpy y 10 5 730 460 ns 

H-L 15 5 230 460 

15 10 80 160 

3-State Disable Delay: 5 10 60 120 

RL =1 kQ L-H 5 15 75 150 

Output High to High 10 15 3s 70 
Impedance, tpyz 10 5 | 200 | 400 : 

H-L 15 200 400 
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Output Low to High 
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Fig.8 — Typical low-to-high propagation delay time 
as a function of load capacitance. 
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INPUT SWITCHING VOLTAGE (VgwitcH) —¥ 
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Fig.9 — Typical input switching as a function of 
high-level supply voltage. 
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Fig. 10 — High-level supply voltage vs. 


low-level supply voltage. 
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Fig.11 ~ Typical dynamic power dissipation as a 
function of input frequency. 
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Fig. 12 — Output enable delay times test circuit and waveforms. 
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Fig.14 — Input voltage. Fig.15 — input current. 
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TERMINAL ASSIGNMENT 


Dimensions in parentheses are in millimeters and 


CD40109B Types 


Yee Yoo 





INPUTS 


Vss, 
e2C8-29452 


Fig.13 — Quiescent device current. 
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Fig. 1@ — Dynamic power dissipation test circuit. 
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are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch). 











The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
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chip, therefore. may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensians shown, 





(2.464 -2.667} 
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Dimensions and pad layout for CD401098H. 
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CD40110B Types 


CMOS Decade Up-Down 
Counter/Latch/Display Driver 


High-Voltage Type (20-V Rating) 


DISPLAY 








amass fF 


92C$-31380 


Features: 

= Separate clock-up and clock-down lines 

= Capable of driving common cathode LEDs and other 
displays directly 

8 Allows cascading without any external circuitry 

= 100% tested for quiescent current at 20 V 

= Maximum input current of 1 pA at 18 V over full package- 
temperature range; 100 nA at 18 V and 25°C 


The RCA-C0401108 is a dual-clocked up/down counter 
with a special preconditioning circuit that allows the 
counter to be clocked, via positive going inputs, up ordown 
regardless of the state or timing (within 100 ns typ.) of the 
other clock line. 


The clock signal is fed into the contro! logic and Johnson 
counter after it is preconditioned. The outputs of the 
Johnson counter (which include anti-lock gating to avoid 
being locked at an illegal state) are fed into a latch. This 
data can be fed directly to the decoder through the latch or 
can be strobed to hold a particular count while the Johnson 
counter continues to be clocked. The decoder feeds a 
seven-segment bipolar output driver which can source up 
to 25 mA to drive LEDs and other displays such as low- 
voltage fluorescent and incandescent lamps. 


A short durating negative-going pulse appears on the 
BORROW output when the count changes from Oto 9 or the 
CARRY output when the count changes from 9 to 0. At the 
other times the BORROW and CARRY outputs are a logic 1. 


The CARRY and BORROW outputs can be tied directly to 
the clock-up and clock-down lines respectively of another 
CD40110B for easy cascading of several counters. 
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FUNCTIONAL DIAGRAM 





® Noise margin (full package-temperature range) = 
1VatVpp=5V 
2VatVpp= 10 V 
2.5 Vat Vpp= 15 V 
= 5YV, 10 Vand 15 V parametric ratings 
= Meets all requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices”. 


Applications: 


a Rate comparators 

= General counting applications where display is desired 

= Up-down counting applications where input pulses are 
random in nature 


The CD40110B types are supplied in 16-lead dual-in-line 
ceramic packages (D and F suffixes), and 16-lead dual-in- 
line plastic package (E suffix), and also available in chip 
form, (H suffix). 
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Fig. 1 - Functional diagram. 











CD40110B Types 


MAXIMUM RATINGS, Absolute Maximum Vajues: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) -0.5 to +20 V 





INPUT VOLTAGE RANGE, ALL INPUTS 1. 0.5 to Vpn +0.5 V 
OC INPUT CURRENT, ANY ONE INPUT 200.0... 00. c ccc cc cece ce cecceeeevucubeveceveeensseteenttaettienitaevunnbneeterncs +10mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to +60°C (PACKAGE TYPE E) .......... ccc cccccussccceseueeeeseescestasueeasestnseutnaeetvecestnatecbetscs 500 mW 

For Ta = +60 to +85°C 

(PACKAGE TYPE E) ..... 0... cc cece cece cs cetnsneenscesecseuaeansnetesesers Derate Linearly at 12 mW/°C to 200 mw 





For Ta = -55 to +100°C (PACKAGE TYPES D, F) 
For Ta = +100 to +125°C 
(PACKAGE TYPES D, F) ...........cccccsceeceeeveeescenneeetessaeueeeentceriverstcueerce Derate Linearly at 12 mW/°C to 200 mw 


500 mw 


For Ta = FULL PACKAGE-TEMPERATURE RANGE 


(All Package Typ6s)....... 1... cece cece cess sence etenensetseesesevseaesseuaseeeeseveeateeesberesesusinsntnatasucecces 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F,H ........ccccccsccccccccssccetecetvuvenunnreseceeccees -55 to +125°C 

PACKAGE TYPE Eo... .s.scccecesecee nese tees eeesneeeneeeeeenseceeeeeasssseeeeeeernenentbernberbene cece. -40 to +85°C 





STORAGE TEMPERATURE RANGE CT ggg) Sissi a eer Sie spore ecSoere ane asain wateig oie orsiancios Sloan bean vacate Rocked con -65 to +150°C 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) 
trom Gase for0.6 MANX cos ss vases seiner naive day cideaye pauindgevas sag Udedied Leck lavigueeleseellsceceessunteetaes and: +265°C 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operation is always within the following 
ranges: 


CHARACTERISTIC 
Supply-Voltage Range (For Ta = Full Package Temperature Range) 


Clock input Frequency foi 
(Sum of CLup & CLon Fregs.) 


Clock Pulse Width tw 


Latch Enable Pulse Width 


Reset Removal-Time 


Reset Pulse Width 
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CD40110B Types 


STATIC ELECTRICAL CHARACTERISTICS 












Limits at Indicated Temperatures (°C) 
Values at -55, +25, +125 for D, F, H Packages 
Values at -40, +25, +85 for E Packages 






Quiescent Device 
Current 
Max. lop 














Output Voitage 
Low-Level! 
Max. 






VOL 







High-Level 
Min. VOH 







Input Low Voitage 
aX. VIL 







Output Drive 
Voltage, High 
Min, VOH 







7-Segment Output 










Output Low jp 3 22 7 ie | 26 752 | 
(Sink) Current 15 i 
Min. IOL 





Carry Outputs 






Output Low 05] mA 
(Sink) Current 5 : 
Min. loOL 










Output High 












-1.3 | 
Source) Current p25 
in. ara p— | 95 [0,10 | | -1.3_| 


Input Current 0. 18 0, 18 18 
Max. NIN , , 


@ 0(10 yA) 


vA 
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me) 
& 
a & 
3 
F=) 


oe OuTPUT 
= DRIVER 
cL cu 
e = Yss 
(ALL 7 SEGMENTS) 
A 92CL-31384 
Vss 


Fig. 2 - Logic diagram with flip-flop and output-driver details, 
(cont'd on page 5) 
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all 





Q LATCH__ 
Co] SAME A 
ABOVE c 
site ~ 
80 ABOVE o 
LATCH LE 
Qe SAME AS 
ABOVE E 


> >—O> 
eye q > (5) b 
if q> | >o (9) 


Qn 

c— > >-O BORROW 
U 

9D 

2) »d>-© CARRY 
Vv 


92CL-313864 


Fig. 2 - Logic diagram with flip-flop and output-driver details. 


DISPLAY SEGMENTS 





92CS-31376 
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J >——@ 
> D>—o. 
TERMINAL ASSIGNMENT 
Vv, 
7-SEGMENT 9D 
OUTPUTS 
T-SEGMENT 
OUTPUTS 
TOGGLE ENABLE 
RESET 
LATCH ENABLE BORROW 
CLOCK DOWN CARRY 
Vss CLOCK uP 
TOP VIEW 
92CS- 31377 








CD40110B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input ty, ty = 20 ns, Cy = 50 pF, Ri = 200 kQ 








Clock Up/Clock Down 





Propagation Delay Time: 
Clock to Carry or Borrow 


Clock to Segment 


Minimum Clock Pulse Width 


Maximum Clock Input Frequency 


(Sum of CLyp & CLpn F) 


Minimum Toggle Enable Pulse Width 


Minimum Latch Enable Pulse Width 


Output Pulse Width: 
Carry 


Borrow 


Transition Time: 
Carry or Borrow 


Minimum Delay Time 
Between CLyup & CLDoN 


Maximum Clock Rise or Fail Time 


Propagation Delay Time 
Reset to Output 


Minimum Reset Removal Time 


Minimum Reset Pulse Width 





tPLH. tPHL 


tPLH: tPHL 


115 
60 
40 


tTLH. TTHL 


trCL, tfCL 


tPLH, tPHL 


650 
350 
160 


1300 
700 
320 
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TRUTH TABLE 





X = Don't Care 1 = High State 





0 = Low State 





Follows Counter 


Follows Counter 


No Change 


Follows Counter 


(Disptay = 7) 


saci = 


* Typically 100 ns between clock-up and clock-down positive transitions are required to ensure proper counting. 























OUTPUT LOW (SINK) CURRENT (Ip,) — mA 





DRAIN- TO-SOURCE VOLTAGE (Vps)—V 


92C5-24318R3 


Fig. 3 - Typical carry or borrow output low (sink) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
-'5 =!0 -5 i] 
AMBIENT TEMPERATURE (Ta)*25 °C 


GATE-TO-SOURCE VOLTAGE [Vgs)=-5V. 



































-15V 
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OUTPUT HIGH (SOURCE) CURRENT (LOH) —mA 



































92¢S-24320R3 


Fig. 5- Typical carry or borrow output high 
(source) current characteristics. 





AMBIENT TEMPERATURE (Ta)*25°C 


































































































inerady 
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E 
1 
i 15) 
2 
E ps GATE-TO- SOURCE VOLTAGE (Vgs)=15 V 
z 2: 
«x 
3 1 : 
= 
& 75 _ 
z 
3 5 
s 
ra 
5 25 5V 
°o 
0 5 0 5 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92cs -243/9%1 


Fig. 4- Minimum carry or borrow output low 
(sink) current characteristics. 


DRAIN-TO-SOURCE VOLTAGE {Vps)—V 


-15 ~10 53 iJ 
AMBIENT TEMPERATURE (Ta)= 25°C 


GATE -TO-SOURCE VOLTAGE (Vgg)=-5 V. 
cae 
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OUTPUT HIGH (SOURCE) CURRENT(ILOH)—mA 
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92C$~2432IRZ 
Fig. 6 - Minimum carry or borrow output high 
(source) current characteristics. 

















oe ee Ee ee 


CD40110B Types 
























































































































































































































































































































































































































































































































































































































































& [pees TEMPERATURE (Ta = 25°C [¢ AMBIENT TEMPERATURE (Tq)= 25° 
= Hy +t 4 t 
= N 
FH re 5 iSreat oor? 
= 150) t am Det VOU! 
wy + : an 
2 + 
5. wise 
g . 
aX cr yor 
ai 4 Hauer t 
E's + 
3 i tov 
= t 109} 
8 50| 18 SV 
: 25 t : t 
& senseane i 
0. © 2 30 40 50 60 70 80 90 100 ° 20 40 0 a 100 
LOAD CAPACITANCE (C, )—pF 
—pF 
LOAD CAPACITANE {C, )—p sce seuae 9208-32847 
Fig. 7 - Typical carry or borrow transition time Fig. 8 - Typical carry or borrow propagation 
vs. load capacitance. delay time vs. load capacitance. 
[ 2[AMBIENT TEMPERATURE (7, )= 25°C 
oe = 
BOR fy 
S) 
= > - 
« + > z 
eH shoes 3 
a, Et C NORE ON é 
Es Ht ti oF B) ‘oy 8 
Ba t - 
os : rr] 
o- Cc + = 
io Hy H . 
os at _ 
2 t g LOAD CAPACITANCE 
= : i 
ce] tt t t s Fe-—— 
> z 
BEDESEEEeeTesgeeeaeese: H 3 
HHH 
7 . ourPUT SOURCE CURRENT ipyl—mA wot? * $8, 2 * S8ig 2 46 %q22 4 S8iqs? 4S Bigs 
9205-32848 CLOCK INPUT FREQUENCY (fo) I~ kHz excpiaaees 
Fig. 9 - Voltage across bipolar transistor vs. Fig. 10 - Typical dynamic power dissipation vs. 
output source current. frequency. 
Yoo 
TEST CIRCUITS 
! 
2 | 
3 
4 
5 
6 
7 
8 ! 
Vss 
= 92CS- 27401R1 
92¢S-32850 
Fig. 11 - Dynamic power dissipation test circuit. Fig. 12 - Quiescent device current. i 
Vv 
Yoo 0 
INPUTS INPUTS OUTPUTS 
Vo NOTE Vim 
wer) MEASURE INPUTS %, + 
° SEQUENTIALLY, ° 
Vss TO BOTH Vpp AND Vgs; Vie t 
CONNECT ALL UNUSED ? 
INPUTS TO EITHER 
Vp OR Vss- NOTE: 
P Vss TEST ANY COMBINATION 
SS OF INPUTS 
g2cs-27402 92CS-27441R1 
Fig. 13 - Input current. Fig. 14 - input voltage. 
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ale Y 


ce 9 lO CARRY 9 10 9 10 
cL sh 7) CO401108 fii Borrow 7/CD40N0Bf1 sz} co4ortos fj, 
D 


92CS-32853RI 


Fig. 15 - Cascading diagram. 











99-107 
2.514-2.717) 





Ps) 8 
t 
aioe all! 

















20 
es aly ais 
I Leto 102-0 254) 
: “~~ 142-150 
(3.606~ 3.810) 
92CS- 34617 


Dimensions and pad layout for CD40110B. 


Dimensions in parentheses are in millimeters and The photographs and dimensions of each CMOS chip 
are derived from the basic inch dimensions as represent a chip when itis part of the wafer. When the wafer 
indicated. Grid graduations are in mils (10-3 inch). is separated into individual chips, the angle of cleavage may 


vary with respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, may differ 
slightly from the nominal dimensions shown. The user 
should consider a tolerance —3 mils to +16 mils applicable 
to the nominal dimensions shown. 
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Preliminary Data 


Programmable Dual 


4-Bit Terminator 
High-Voltage Types (20-Voilt Rating) 


Features: 


= One standard “B” output will drive eight terminator circuits. 
8 Will terminate a CMOS data bus with up to 40 B-series inputs inputs or 3-state 


outputs connected at VoD of 5 V. 
Preserves final logic state. 
Requires only one solder connection. 
Can be connected to any CMOS 1/0 line. 


Draws current only when logic state is changing. 
Can be preset. 


The RCA CD401178B is a dual 4-bit terminator that can be 
programmed by means of STROBE and DATA control bits 
to function as pull-up or pull-down resistors. The CD40117B8 
can also be programmed to function as latches to terminate 
any open or unused CMOS logic when used with 3-state 
logic or during a power-down condition. Considerable 
savings in power and board space can be realized when this 
device is used to replace pull-up or pull-down resistors. 
When the STROBE is in the logic “1” state, the terminator 
functions as a pull-up resistor if the DATA input is a logic 
“1” or as a pull-down resistor if the DATA input is a logic “0”. 


When the STROBE is in the logic “0” state, the terminator 
performs the latch function, i.e., it follows the changing 
states of the bus. If the bus goes into the high-Z state or into 
a power-down condition, the latched terminator retains the 
data (1” or “O”) that the bus carried before it switched to the 
high-Z or power-down state. If and when the bus changes 
from the high-Z state to the state opposite to that which the 
latch is storing, the bus will override the latch and the 
terminator will reflect the state on the bus. The small 
geometries chosen for the inverters in the latch allow this 
override mode. When checking the data bus whose last 
state is being preserved by the terminator, a resistor should 
be used in series with the probe whose input capacitance 
could trip the smali latches. The resistance should be in 
excess of the output impedance of the latch, i.e., R should 
be > 30 KN at Vob =10 V. 


The STROBE and DATA inputs in each section can be 
paralleled allowing this device to be used as an 8-bit bus 
terminator. 


The CD401178 types are supplied in 14-lead hermetic dual- 
in-line ceramic packages (D and F suffixes), 14-lead duat- 
in-line plastic packages (E suffix), and in chip form (H 
suffix). 


Input terminals protected by standard “B” series ESD protection network. 
Output after switching is closer to VOD or VSS rail than with a resistor. 


Open circuited terminator not used will not affect performance. 


CONTROL 


STROBE DATA 
A A 


4 PULL-UP OR 
PULL - DOWN 
RESISTORS 

OR 
4 LATCHES 





4 PULL-UP OR 
PULL- DOWN 
RESISTORS 

OR 
4 LATCHES 








OMYCD O4 HHOADZ—-ZymM4 





STROBE DATA 
B B 


CONTROL 9208-35293 


FUNCTIONAL BLOCK DIAGRAM 


Applications: 

« Error state identification. 

® Replaces pull-up or pull-down resistors 

= Avoids floating inputs in modular systems 
= Sharpens transistors (hysteresis) 

= Anti-bounce circuit 


STROBE A 
STROBE B 
1A 
2A 
3A 
4a 





Yss 


TOP VIEW 


92CS- 34607 


TERMINAL DIAGRAM 


TRUTH TABLE 


P-srnose | onra [ey] 2x) [2a | ene 


1 0 04 oA oA | 04 
1 1 1t 1* tt 1* 
re) x * * * * 


1=High, 0=Low, X= Don't Care 
A Equivalent to pull-down resistor. 
+ Equivalent to pull-up resistor. 
*Equivalent to a latch. 
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431 





i 
CD40117B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vop) 








(Voltage referenced to VSS Terminal) ......... 00.0. .ccccecceceeuceusesenecceceestustateeenteseestntbeceertbntnn bites -0.5 to +20 V 

-0.5 to Vop +0.5 V 

Sos an O20 ¥N jal Sigua yn MCW alain: (obser ateug: Gy Bako nia jo: Gedy audi prarieane Bi a.a%b bud Cb She Sybil S dobsa9i devbusa: ole age ae wee babe ie +10mA 

For TA = -40 to +60°C (PACKAGE TYPE E) Si aANate Bing Right dines ae Wlgcgtd ioeeserdaeseve asacy: Wlocitacdiw ata avae B2b bopeies, SANA aed tools atorade eddie at Seseaedu be 500 mw 

For TA = +60 to +85°C (PACKAGE TYPE E).......... Derate Linearly at 12 mW/°C to 200 mW 

For Ta = -55 to 100°C (PACKAGE TYPE D, BY hari eee Ble LIAS CL ERR GS 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPE D, F) Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..............cccccceececeececusecursceuatenuceecns 40 mw 

OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPE DisFysl. icici ails aceticrone seboasa nn vied coin aias wht nahulbe ava adh wu edly eonarioirh ad cteteeer eee le Bh Rt He -55 to +125°C 


PACKAGE TYPE BE: icici ales val dnircasegcatiaateadee din Sul siat antics, boa Ga ene cae Moulded eee Moca d a whe, hater aasnele wath cea eel ~40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. .....cc cess cess cece cee eececuvuuuaueraveneneteseeees +265°C 





RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that operation is always within the following 
ranges: 


CHARACTERISTIC 





STROBE A(B) DATA A(8) 
* olla) * O32) 






cena 


50-58 
(1.270-1.473) 








aid Oe. O2 
a aBg—P I 562i 








92CS-35084 





Dimensions and pad layout for CD40117B. 


Vpp?!4 : 
Vgg*7 Dimensions in parentheses are in millimeters 





and are derived from the basic inch dimensions 
Vpb 92CS-34594R) as indicated. Grid graduations are in mils (10°3 
* inch). 
INPUT PROTECTION 
NETWORK The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the water 
is separated into individual chips, the angle of cleavage may 
Vsg vary with respect to the chip face for different chips. The 


actual dimensions of the isolated chip, therefore, may differ 
slightly from the nominal dimensions shown. The user 

Fig. 1 - Logic diagram (% of CD40117B) should consider a tolerance —3 mils to +16 mils applicable 
to the nominal dimensions shown. 
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CD40117B Types 
TYPICAL APPLICATIONS 





Pio ee te CO40117B8 


rt} Ch Ch Ch 


| | 

| | 

| | 

| | 

| | 

b | 

cpu I 
CDPI802 \ | 


° <I O OATA 


QO STROBE 


OATA BUS 








a Z 
aay 
Bee 
foe 
GH 
leafs 


ee ee ae 
DATAQ > ° 
92CL-34592R1 


Fig.2-Schematic of CD40117B interfacing with 
microprocessor terminating an 8-bit bus line and 
1/2 of CD40117B8 as a programmable pull-up/pull 
down logic controller. 


DATA 


STROBE 


Yoo 


Yss 


Fig. 3 - Schematic of CD40117B in anti-bounce circuit 
application. 


92CS-34608R! 
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CD40117B Types 
STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, H Packages 
UNITS 


Values at -40, +25, +85 A ‘ 
25 


fo) fay 


Quiescent 
Device 
Current 
M. 


par pet 


| Max. | 

| 9.25 | 

| 0.5 | 

pe P| 

as 

a 

(Source) +-——— 
Current | 
Min. : | — | 
Output Voltage: | 0.05 | 
Low-Level . 0.05 | 
Max, 0.05 |] 
Output Voltage: | — | 
High-Level ; — | 
Min. |_| 
input Low 
Voltage P38 
Max, 
Input High Y 
Voltage VIH a 
N 


Min. u 


nput Current I 


HA 
uA 
Vv 
Vv 

A 


TEST 
CHARACTERISTIC CONDITIONS 


Propagation Delay Time 
Strobe, Data to Outputs 


Transition Time 
trobe Pulse 


Minimum Data Pulse 
Width 


Minimum Terminator 
Input/Output Pulse 
Nid 

Minimum Data 
Setup Time 
Data to Strobe 


Input Capacitance CIN 
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10-Line to 4-Line 
BCD Priority Encoder 


High-Voltage Types (20-Volt Rating) 


The RCA-CD40147B CMOS encoder fea- 
tures priority encoding of the inputs to ensure 
that only the highest-order data line is en- 
coded. Ten data input tines (0-9) are en- 
coded to four-line {8,4,2,1) BCD. The highest 
priority line is line 9. All four output lines are 
logic 1 (Vgs) when all input lines are logic 0. 
A\l inputs and outputs are buffered, and each 
output can drive one TTL low-power Schottky 
load. The CD40147B is functionally similar to 
the TTL 54/74 147 if pin 15 is tied low. 

The CD40147B types are supplied in 16- 
lead ceramic dual-in-line packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 








Features: 

® Encodes 10-line to 4-line BCD 

a@ Active low inputs and outputs 

8 Standardized, symmetrical output characteristics 

= 100% tested for quiescent current at 20 V 

5 5-V, 10-V, and 15-V parametric ratings 

= Meets all requirements of JEDEC Tentative Standard 
No. 13A, “Standard Specifications for Description of ’B’ 
Series CMOS Devices” 


= Maximum input current of 1 “A at 18 V over full 
package-temperature range; 100 nA at 18 V and 25°C 
@ Noise margin (full package-temperature 


range) = 1V at Vpp=5V 
2Vat Vop =10V 
2.5 V at Vpp = 15 V 
Applications: 


™ Keyboard encoding 
@ 10-line to BCD encoding 
@ Range selection 


CD40147B Types 


bp 2? 
¢ 22 
B2 
a 2° 


PRIORITY 
SELECT 


BCD 
ENCODER 


9208-30552 





FUNCTIONAL DIAGRAM 





RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 





CHARACTERISTIC 





Temperature Range) 
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Fig. 1 — CD40147B logic diagram. 


AMBIENT TEMPERATURE (Tals 25°C: 
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Fig. 2 — Typical output low (sink) current 
characteristics. 
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g2cs ange: 
Fig. 3 — Minimum output low {sink} current 
characteristics. 








Fig. 4 — 


Supply Voltage Range (For Ta = Full Package 
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92¢5- 2452083 
Typical output high (source) current 
characteristics. 
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Pr erry 


CD40147B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vgg Terminal) ..... 0.06... c cece eee cette eet e nee tbe nee enes -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS .... -0.8 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .... 0.0... ccc c cece cece reer nett teen tenn e eee 210 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to +60°C (PACKAGE TYPE E) 

For Ta = +60 to +85°C (PACKAGE TYPE E) ..........--0.000 ee 

For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) . 





500 mw 


500 mW 





For T, = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .......... 6.005000 eee 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES DESK, Hi oi vstsleccis sine ssuy tition niacin tel saben en ate eine dite taDSyipaiaes -55 to +125°C 

PACKAGE TYREE ccc tia i ites eile ae eee Se LBP aie we aa nial ed Mes oun em eee -40 to +85°C 
STORAGE TEMPERATURE RANGE (Totg) .-.- 2.00 0s ects rece een e rere neers eee ne ene tes ~65 to +160°C 
LEAD TEMPERATURE (DURING SOLDERING). 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. «0... cece reece een e neers +265°C 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H, Packages 


Values at --40, +25, +85 eee to E Package 


Vo |Yin yop [eS 
a we 0 4125 





















CONDITIONS 
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5 — Minimum output high {source} current 
characteristics. 
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Fig. 6 — Typical transition time as a function of 


load capacitance. 
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Fig. 8 — Typical dynamic power dissipation 


as a function of input frequency. 
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CD40147B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t,, ty = 20 ns, 
C= 50 pF, Ry = 200k2 
















CHARACTERISTIC 





Propagation Delay Time, 


PLH: TPHL 
In-Phase Output 









Out-of-Phase Output 








92C$- 27801Rt 


Vss 


Fig. 10 ~ Quiescent device 
current test circuit. 


















4-10 
(0.102~0.254) 


67-75 
(1,702 -1.905) 


92CM- 30958 


TEST CONDITIONS 


Any input to any 


Input Capacitance, C; Any Input ez 


INPUTS 
Vin 
° 
Vie 


Fig. 11 — Input voltage test circuit. 
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79- 67 
{2.007- 2-209) 





UNITS 
Vpp 
(v) Typ. 
450 






LIMITS 
ALL TYPES 





9208-30953 


Fig. 9 ~ Dynamic power dissipation 
test circuit. 
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Yoo Yoo 
OUTPUTS INPUTS 
Yoo NOTE: 
+, x () MEASURE INPUTS. 
Z ° SEQUENTIALLY, 
Vss TO BOTH Von ANO Veg: 
CONNECT ALL. UNUSED 
(NPUTS TO EITHER 
NOTE: Von OF Veg: 
Vv TEST ANY COMBINATION 
8 OF INPUTS Vss 
9203-2 7e4IRI 9208-27402 


Fig. 12 — input current test circuit. 





TOP VIEW 


92CS-30957 


CD40147B 


TERMINAL 
ASSIGNMENT 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-7 inch}. 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer, When the 
wafer is separated into individual chips, the angie of 
Cleavage may vary with respect to the chip face for 
Gitferent chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considera tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD40147BH 
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CD40160B, CD40161B, CD40162B, CD40163B Types 


CMOS Synchronous 
Programmable 4-Bit 
Counters 

High-Voltage Types (20-Voit Rating) 


CD40160B — Decade with Asynchronous 
Clear 
CD40161B — Binary with Asynchronous 


Clear 
CD40162B — Decade with Synchronous 


Clear 
CD40163B — Binary with Synchronous 
Clear 


RCA-CD40160B, CD40161B, CD40162B, 
and CD401638 are 4-bit synchronous pro- 
grammable counters. The CLEAR function 
of the CD40162B and CD40163B is synchro- 
nous and a low level at the CLEAR input sets 
all four outputs low on the next positive 
CLOCK edge. The CLEAR function of the 
CD401608 and CD40161B is asynchronous 
and a low Jevel at the CLEAR input sets all 
four outputs low regardless of the state of 
the CLOCK, LOAD, or ENABLE inputs. A 
low level at the LOAD input disables the 
counter and causes the output to agree with 
the setup data after the next CLOCK pulse 
regardless of the conditions of the ENABLE 
inputs. 

The carry took-ahead circuitry provides for 
cascading counters. for n-bit synchronous 
applications without additional gating. Instru- 
mental in accomplishing this function are 
two count-enable inputs and a carry output 
(Coy). Counting is enabled when both PE 
and TE inputs are high. The TE input is fed 
forward to enable Coy. This enabled out- 
put produces a positive output pulse with a 








MAXIMUM RATINGS, Absolute-Maximum Values: 


OC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) .......--... 


INPUT VOLTAGE RANGE, ALL INPUTS . 
DC INPUT CURRENT, ANY ONE INPUT ... 
POWER DISSIPATION PER PACKAGE (Pp): 
For T, = -40 to +60°C (PACKAGE TYPE E) ... 
For T, = +60 to +85°C (PACKAGE TYPE €) 


For T, = -55 to +100°C (PACKAGE TYPES 0, F, K) 

For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) --...-+.--eseereeeeeee 100 mw 


OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H 







by eben Goole: Btalne bens e-eeig's!e'eib Sinead wre pids9c6's ig B°b/e ae +10 mA 


sNie lave Ba eee ee wr rbior aes lara bina Raise nfs leloltioi's 500 mW 






Features: 


® Internal look-ahead for fast counting 
= Carry output for cascading 
® Synchronously programmable 
™ Clear asynchronous input 
{CD40160B, CD40161B) 
@ Clear synchronous input 
(CD40162B, CD401638) 
™ Synchronous load control input 
= Low-power TTL compatibility 
® Standardized, symmetrical output 
characteristics 
™ 100% tested for quiescent current at 20 V 
™ Maximum input current of 1 uA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
® Noise margin (over full package-tempera- 
ature range): 1 Vat Vpp =5V 
2VatVpp=10V 2.5 VatVpp=15V 
#5-V, 10-V, and 15-V parametric ratings 
™ Meets all requirements of JEDEC 
Tentative Standard No. 13A, “Standard 
Specifications for Description of ‘B’ Series 
CMOS Devices” 
duration approximately equal to the positive 
portion of the Q1 output. This positive 
overflow carry pulse can be used to enable 
successive cascaded stages. Logic transitions 
at the PE or TE inputs may occur when the 
clock is either high or low. 
The CD40160B, CD40161B, CD40162B, and 
CD40163B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 
The CD40160B through CD40163B types 
are functionally equivalent to and pin-com- ° pac iaeabimee WOLTAGE OREN 
patible with the TTL counter series 74LS160 
through 74LS163 respectively. 


82CS - 28620R1 


Functional Diagram 





Applications: 


= Programmable binary and decade counting 
= Counter control/timers 
@ Frequency dividing 


OUTPUT LOW (SINK) CURRENT Io) —mA 





92¢9-26310R3 


Fig. 1— Typical output low (sink) 
current characteristics. 





AMBIENT TEMPERATURE (Ta)*25 °C 


ba dg SaleSysiseeinareeey -0.5 to +20 V 
. -0.8 to Vpp +0.5 V 


RY ig) — mA 
& 


S 
is 
Fe 
< 
s 
o 
51s 
re 
5 
@ 
& 
3 





-55 to +125°C 


PAGKAGE TYPE E .........--..-+- . 40 to +85°C DRAIN-TO-SOURCE VOLTAGE {Vps)—V 
STORAGE TEMPERATURE RANGE (Tig) ----- 20sec errr reer ee reece en trees . 85 to +150°C _ - reraune 
LEAD TEMPERATURE (DURING SOLDERING): ig. 2— ee (sink) 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 108 MAX. ...-. +. eee reece reese reese +265°C current characteristics. 
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CD40160B, CD40161B,CD40162B, CD40163B Types 


CD401608 AND CO40I62B BCD DECADE COUNTERS 





Qs 


















D: 
SYNCHRONOUS 
CLEAR 



















* NUTS PROTECTED _ Yoo 
BY COS/MOS PROTECTION 
NETWORK 
ss 


Fig. 3— Logic diagrams for CD40160B and CD40162B BCD decade counters. 
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Fig. 4— Logic diagrams for CD401618 and CD40163B binary counters. 
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CD40160B, CD40161B, CD40162B, CD40163B Types 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted ORAIN- TO- SOURCE VOLTAGE (Ypg)—V 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 
Supply Voltage Range (Full Tq = Full Package - 
Temperature Range) 


Setup Time: tgy 
Data to Clock 





LIMITS 
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Load to Clock 


‘92C8- 2632083 
Fig. 5— Typical output high (source) 
current characteristics, 


PE or TE to Clock 
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Clear Pulse Width, = tw._ 
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(CD40160B, CD40161B) oe Fig. 6 Minimum output high (source 
current characteristics, 
5 
Clock Input Frequency, foi 10 [AMBIENT TEMPERATURE (Ta )+ 28°C 
15 if 
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Clock Pulse Width, ty 70 z Seo 
50 w voot © 
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LOAD CAPACITANCE (CU~pF 9208-29971 


Fig. 7— Typical propagation delay time as a 
function of load capacitance 














































































































































































TRUTH TABLE (CLOCK to QJ. 
TE OPERATION 
AMBIENT TEMPERATURE (Ta)=25°C 
PRESET Hd 
= 
a 
= 200} 
pe GG 
Fo % 
COUNT Z no 
g 100} evrey 
| x | RESET (cD401608, cD401618) | (¢ it 
1 
80} 
) x | x | RESET (CD40162B, CD40163B) 
| x | x | Nc (CD40162B, CD40163B) 3 (omen soe wade 


Fig. 8— Typical transition time as a function 
1= HIGH LEVEL 0 = LOW LEVEL X = DON'T CARE NC = NO CHANGE of load capacitance. 
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STATIC ELECTRICAL CHARACTERISTICS 


















CHARAC. 
TERISTIC 


CONDITIONS 


Vo 


Output Low 
(Sink) Current 


lot Min. 





a 





Output High 
(Source) 
Current, 
lOH Min. 






N 
ea) 


f = 9S > 
¢ = < 






ole =< 
elelelgigistsielelel Sz 















[=] 
oO 


ire N 
plo 3 


\ Paw less 
N N[O 
as 

b oo 

. — 

¢ w 
= 
to) 


— 
a 


ra. 4 
: =o 
<3 


CD40160B, CD40161B, CD40162B, CD40163B Types 
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z 
Values at -55, +25, +125 Apply to D, F, K, H, Packages fa 
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Fig. 9— Typical power dissipation as a 
function of CLOCK frequency. 
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Fig, 10-—- Dynamic power dissipation test 
circuit. 
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INPUTS 
Yop NOTE: 


MEASURE (NPUTS 
SEQUENTIALLY, 


Vs TO BOTH Vpp ANO Ves; 


CONNECT ALL UNUSED 
(INPUTS TO EITHER 


Voo OF Vgg- 
Vsgs 


92CS-27802 


Fig. 12— Input-current test circuit. 
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92C8- 27401RI 


Fig. 11— Quiescent-device-current test circuit. 


TERMINAL ASSIGNMENT 
INPUTS, ouTPuTs 
vim Yoo 
a + CARRY OUT 
vie 5 08 
a3 
a4 
NOTE: TE 
Ys5 TEST ANY COMBINATION TOAD 
IweUTS 





9203-2 7441h1 92cs- 29959 


Fig. 13— tnput-voltage test circuit. 
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CD40160B, CD40161B, CD40162B, CD40163B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C; 
Input t,, ts = 20 ns, C_ = 50 pF, Ry = 200 kQ 















TEST LIMITS 
CHARACTERISTIC CONDITIONS ALL TYPES* UNITS 
Yop vi [Win | Tye. | Wax 






CLOCK OPERATION 


Propagation Delay Time, tPHL-APLH 
Clock to O 










2a 
88s 
aa 

83s 


ay 
qo 





Clock to CoyT 









TE to Coyt 


~nNofoou 
ar als 
ooo 88 


240 


120 240 
45 
30 


170 340 


Minimum Setup Time, 
Data to Clock 







ao 
oo 






Load to Clock 


oo 
oo 


PE to TE to Clock 





50 100 


100 200 
50 100 
40 

3 | 3 





Minimum Hold Time, ty 






Transition Time, ttHLtTLH 







wo 
So 





Minimum Clock Pulse Width, ty 






Maximum Clock Frequency, foi 





~ 
po - 
= 

= : : 
o 


N 
-xs 
ags 
2 
Now 
awn 
pees 
ie 
B 














Maximum Clock Rise or Fall Time,t 
t-CL, tree 
CLEAR OPERATION 





Propagation Delay Time, = tpt. 250 500 
(CD40160B, CD40161B) 110 220 
Clear toQ 80 160 

SU 





Minimum Setup Time, t 170 
(CD40162B, CD40163B) 70 
Clear to Clock 50 


Minimum Hold Time, — ty 
(CD40162B, CD40163B) 
Clear to Clock 





Minimum Clear Removai Time, tram, 
(CD40160B, CD401618) 







Minimum Clear Pulse Width, — tyr 
(CD40160B, CD40167B) 


* Except as noted. mae 

t If more than one unit is cascaded in the parallel clocked application, t-CL should be made less than or equal 
to the sum of the fixed propagation delay at 50 pF and the transition time of the carry output driving stage 
for the estimated capacitive load. 
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CD40160B, CD40161B, CD40162B, CD40163B Types 


CLEAR(CD 401608) I 
l J ASYNCHRONOUS 
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Fig. 14— Timing diagram for CD40160B, CD40162B. 
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Fig. 15— Timing diagram for CD401618, CD401638, 
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CD40160B, CD40161B, CD40162B, CD40163B Types 











92CM- 29226 


Fig. 16— Detail of flip-flops of CO401608 and CD401618 (asynchronous clear). 




















92CM~ 29227 


Fig. 17— Detail of flip-flops for CD40162B and CD40163B {synchronous clear). 
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4-10 
(0.102-0.254) 


196-4 





(2.693 - 2.895) 
92CM- 29968 


Dimensions in parentheses are in millimeters and 


are derived from the basic inch dimensions as in- 


dicated. Grid graduations are in mits (1073 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
Cleavage may vary with respect to the chip face tor 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly trom the nominal 
dimensions shawn. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown, 
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Fig. 18 — Cascaded counter packages in the parallel-clocked mode. 
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Fig. 19 — Cascaded counter packages in the ripple-clocked mode. 
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Dimensions and pad layout for CD40160B8H. Dimensions and pad layout 
for CD40161BH,CD40162BH, and CD40163BH are identical. 

















CMOS Hex ‘D’-Type 
Flip-Flop 


High-Voltage Types (20-Volt Rating) 


The RCA-CD401748 consists of six identical 
‘D'-type flip-flops having independent DATA 
inputs. The CLOCK and CLEAR inputs are 
common to all six units. Data is transferred 
to the Q outputs on the positive-going 
transition of the clock pulse. All six flip-flops 
are simultaneously reset by a low level on 
the CLEAR input. 


The CD40174B types are supplied in 16- 
lead hermetic dual-in-line ceramic packages 
(D and F suffixes), 16-iead dual-in-tine 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 


DC INPUT CURRENT, ANY ONE INPUT ........... 


POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = -40 to +60°C (PACKAGE TYPE E) 
For Ty = +60 to +85°C (PACKAGE TYPE E) ... 
For Ta 


Sig geleetiarehn,aiglt are shele wtaiels « ieiaimernistende’e tisie Bpesare +10 mA 






= -55 to +100°C (PACKAGE TYPES D, F, K) .. 
For T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 





Features: 
#5-V, 10-V, and 15-V parametric rating 
® Standardized symmetrical output 
characteristics 
@ 100% tested for quiescent current at 20 V 
® Maximum input current of 1 ZA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 
© Noise margin (over full package-temperature 
range): 1 Vat Vop= 5V 
2 Vat Vpp = 10V 
2.5 V at Vpp = 15 V 
@ Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


-0.5 to +20 V 
-0.5 to Von +0.5V 


A Aiciaswcaree eos da) Sad 88S Gi5se'0/xia's enka e eeciate teint 500 mw 


.. Derate Linearly at 12 mW/°C to 200 mw 
Sio(ateislerd tay eya ceiver ay vitae 99 al aiavala's 500 mw 


For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ................000006 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D,Fy Ki H edseses casinncnd gene sages ten addeanmadeiide deenietgeeees -55 to +125°C 

PACKAGE TYPE E 20... . cece ee cce cence eee eeeeteeces -40 to +85°C. 
STORAGE TEMPERATURE RANGE (Tetg) -€5 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 105 MAX. «22... 6... cece ewww eeeee +265°C 





° 
ro] >> 
‘ 


3(4,6,11,13,14) 


Yoo 








vss 


Ml, 13,14) PROTECTED BY COS/MOS 
PROTECTION NETWORK 


92¢S- 29851 


Fig. 1 — Logic diagram (1 of 6 flip-flops). 





CD40174B 








Vss +8 
Yop «16 


FUNCTIONAL DIAGRAM 


9265 2923 


Applications: 


® Shift Registers 
= Buffer/Storage Registers 
® Pattern Generators 





Types 


TRUTH TABLE FOR 1 OF 6 FLIP-FLOPS 














TRANSITION TIME {tTHe .tTLH)—as 


DATA 
x 





1 = High Level 
0 = Low Level 


40 60 60 100 
LOAD CAPACITANCE (C_)— pF 






X = Don’t Care 
NC = No Change 





ozcs-2e82e 


Fig. 2— Typical transition time as a function 


of laad capacitance. 
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CD40174B Types 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 


For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges: 













CHARACTERISTIC 


Supply-Voltage Range (For Tq = Full Package- 
Temperature Range) 


Data Setup Time, tsu 
Data Hold Time, ty 


Clock Input Frequency, fo, 








Clock Input Rise or Fall Time, t,CL, t¢CL 





Clock Input Pulse Width, twe twH 





Clear Pulse Width, tyyy 


Clear Removal Time, tre 


(0.102 -0.254) 





79-87 
(2.007-2.209) 


92CS-29835 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the water. When the 
wafer i$ separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
differant chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 milfs to +16 mils applicabie to the nominal 
dimensions shown. 


Dimensions and pad layout for CD401748H. 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils ( 10-4 inch). 





446 





OUTPUT LOW {SINK} CURRENT (Ip)—mA | 








AMBIENT TEMPERATURE (Ta)=25*cH 
it 1 


























s 

















& 
H 
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DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
92C5-24310R3 


Fig. 3— Typical output low (sink) current 
characteristics. 
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OUTPUT LOW (SINK) CURRENT {Io,) —mA 


roy 


% . 
DRAIN~TO-SOURCE VOLTAGE (Vos)—-V 

92c8 -243\9n1 
Fig. 4— Minimum output low (sink) current 
characteristics. 
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AMBIENT TEMPERATURE (Ta)=25 °C: 
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Fig. 5— Typical output high {source} current 
characteristics. 
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92C5-24321R2 
Fig. 6-- Minimum output high (source) current 
characteristics. 
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(Sink) 


Fig. 7— Typical dynamic power dissipation as a 


Current function af CLOCK frequency. 
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Fig. 8— Typical propagation delay time {CLOCK 
to OUTPUT) as a function of load 
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9205-29834 


Fig. 9— Dynamic power dissipation test circuit. 














jy tRem * (LH) OR (HL) OPTIONAL 


92cs - 20069R4 


Fig. 10— Definition of setup, hold, propagation delay, 
and removal times. 





92CS- 27404R1 


Fig. 11 — Quiescent device current test circuit. 
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CD40174B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tq = 25°C; 
Input t,, te = 20 ns, Cy = 50 pF, Ry ¥ 200 kQ 


CONDITIONS LIMITS 
[te [an 
150 
70 


CHARACTERISTIC 


Propagation Delay Time 
Clock to Output, tpHt. tPLH 


Clear to Output, —s tp. 


Transition Time, ttHL: tTLH 


Minimum Pulse Width, 
Clock, twee tWH 





Minimum Data Setup Time, tgy 


Minimum Data Hold Time, — ty 





Maximum Clock Frequency, fo. 


Maximum Clock Rise or Fall 
Time, tpCL, teCL 





Input Capacitance, Cry 
Clear 


All other 











Minimum Clear Removal 


Time, 


Yoo ‘oo 
inputs INPUTS ourPuTs 
TERMINAL ASSIGNMENT 
Yoo NOTE Vin 
Sot MEASURE INPUTS. Nigcge: +, 
° SEQUENTIALLY, ve Z 7 
Vss TO BOTH Vop AND Vsg° it 2 
CONNECT ALL UNUSED ~ 3 
INPUTS TO EITHER , 
You. Yes: vi MOTTEST ANY COMBINATION é 
SS 6 
Yss OF INPUTS ? 
9205-27402 92CS-27441R1 bo 


Fig. 12 — faput current test circuit. 
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tREM 


v 


Fig. 13 — Input voltage test circuit. 








TOP VIEW 
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CMOS Quad ‘D’-Type Flip-Flop 


High-Voltage Types (20-Volt Rating) 


Features: 


m= 100% tested for quiescent current 
at 20 V 
= Maximum input current of 1 WA at 
18 V over full package- 
temperature range; 100 nA at 18V 
and 25°C 
a Noise margin (full package- 
temperature range) = 
1 Vat VoD=5V 
2VatVoo=10V 
2.5 Vat VoD=15V 
= 5-V, 10-V, and 15-V parametric 
ratings 


= Meets all requirements of JEDEC 
Tentative Standard No. 138, 
“Standard Specifications for 
Description of 'B' Series CMOS 
Devices” 

® Output compatible with two HTL 
loads, two low power TTL loads, 
or one low power Schottky TTL 
load 

® Functional equivalent to TTL 74175 

= Standardized symmetrical output 
characteristics 

Applications: 

a Shift registers 





CD40175B Types 


92CS-34508 


CD40175B 


= Buffer/storage registers FUNCTION DIAGRAM 


® Pattern generators 





The RCA CD40175B consists of four identical D-type flip- 
flops. Each flip-flop has an independent DATA D input and 
complementary Q and outputs. The CLOCK and CLEAR 
inputs are common to all flip-flops. Data are transferred to 
the Q outputs on the positive-going transition of the clock 
pulse. All four flip-flops are simultaneously reset by a low 
level on the CLEAR input. 


These devices can function as shift register elements or as 
T-type flip-flops for toggle and counter applications. 


The CD40175B is supplied in hermetic dual-in-tine ceramic 
packages (D and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 


i 
2 
3 
4 
5 
6 
7 
8 








Vpp = PIN 16 
Vsg = PIN 8 92CS- 34507 
TERMINAL ASSIGNMENT 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vgg Terminal) ........... ccc cece ccc ee cee eevee cutee tusneaueausnntnetetestneeneneeanenne ~0.5 to Vpp +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ... -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT 200.00... ccc ccc ccc c cn ne ete eur rc cseeeeceeueeeseannnceteeuettstnttieensnestuneeeeus +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = ~40 to +60°C (PACKAGE TYPE E) oo... cece cece cece etenen ee ee eee eeecseeseuuuuunneteeceeseeetabennnpnnnteeeienes 500 mW 






For T, = +60 to +85°C (PACKAGE TYPE E) ....... 





For Ta = ~55 to +100°C (PACKAGE TYPES D, F, KK)... 00... ccc ccceeee cece eect tc seeueeeenreeueseseceeeunantguunesetteenannns 500 mw 

For Ty = +100 to +125°C (PACKAGE TYPES D, F, K) ......... cece cceueeeeeeeeuveceneceeaunns Derate Linearly at 12 mW/°C to 200 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............000ccceeccescccceceeetnuceeceetteeeeans 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE: TYPES DF) Ki ois oa acai hosel ban bin ea iemeded aeea dulee dod anargutlewasle ela dw euyla mes viele sdavebclevagevie’ -55 to +126°C 

PACKAGE TYPE Eo cirats tue leds ats ccaraveeance Dua palates abd ted ote Sealeines, warnalad Ghuacedie some Ghee Aerob ise ue wes bea ann eae -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 105 MAX. 6... . eee cece cece eee ce ueetcceueceeeeneseeauetenenuees +265°C 
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CD40175B Types 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 


For maximum reliability, nominal operating conditions should be selected so that operation Is always within the 
following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For TA = Full Package-Temperature Range) 


Data Setup Time 


Data Hold Time 


Clock Input Frequency 


Clock Input Rise or Fall Time trCL, tfCL 


Clock Input Pulse Width 


Clear Pulse Width 


Clear Removal Time 





Vbp 


vss 








* Inputs Protected = 
by CMOS Protection cr 


Network * CLK ofootd>—a 92CM-34509 
3 


Fig. 1 - Logic diagram (1 of 4 flip-flops). 
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STATIC ELECTRICAL CHARACTERISTICS CD40175B Types 







LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at -40, +25, +85 Apply to E Package 





CHARACTERISTIC 
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(Souree) res [os | s | 2 |e] 4a |4is| 46] 32] — 
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TRUTH TABLE FOR 1 OF 4 FLIP-FLOPS 
(Positive Logic) 














OUTPUTS 















OUTPUT 














HA 


mA 


pot REM itiueiteteiaa: 1=High Level X=Don't Care 0=Low Level 





Yop \ 
ase a A — 50% 92CS-20069R3 


Fig. 2 - Definition of setup, hold, propagation 
delay, and removal times. 
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CD40175B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C; Input tr, t = 20 ns, CL = 50 pF, RL = 200 kQ 


Y 
100 






TEST 
CONDITIONS 
Vop (V) 










CHARACTERISTIC 


+ 
uv 










a 


Transition Time tTHL, tTLH 


» 
o 


re) 
oo Bjos 






Propagation Delay Time 
Clock to Q Output 












© 


tPHL, tPLH 


~ 


Propagation Delay Time 
CLEAR to Q Output 





Minimum Pulse Width 
Clock 


110 


opr 
an 


100 


on 
oo 


Maximum Clock Frequency 









a «| 


Maximum Clock Rise or Fall Time trCL, tfCL 


15 


Minimum Data Setup Time 


-+- 


b 
°o 


Minimum Data Hold Time 


=- &D 
ao 


125 
Minimum Clear Removal Time + 


—_ ot —_- ak — ds otk —_>~ —_+ — —_> —_ —_ —_+ —_ wk 
AOWMDSMATSMMA MH Mn eM o%noV]anoMao® 





Input Capacitance 


aa 
oo 





} CLEAR signal must be high prior to positive-going transition of CLOCK pulse. 
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oO AMBIENT TEMPERATURE (Ta )*25°C +7 
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Fig. 3 - Typical propagation delay time (CLOCK Fig. 4 - Typical transition time as a function of 
to OUTPUT) as a function of load load capacitance. 


Capacitance. 
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CD40175B Types 
rived Aedes dpeel otra 


AMBIENT TEMPERATURE (J, }~25°C 


‘oO ~ mA 


rt 
GATE-TO+SOURCE VOLTAGE (Vgs)=I5 V 


OUTPUT LOW {SINK) CURRENT tIo) —mA 


OUTPUT LOW (SINK) CURRENT (I, 





5 0 6 [] 3 0 S$ 
DRAIN-TO-SOURCE VOLTAGE (Vpsi—V sicateastan’, DRAIN~TO-SOURCE VOLTAGE (Vps)—V 
92¢8 -2a319R1 
Fig. 5- Typical output low (sink) current Fig. 6- Minimum output low (sink) current 
characteristics. characteristics. 
DRAIN- TO- SOURCE VOLTAGE (Vps)—V DRAIN-TO-SOURCE VOLTAGE (Vps)—V 
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Fig. 7 - Typical output high (source) current Fig. 8 - Minimum output high (source) current 
characteristics. characteristics. 
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Fig. 9 - Typical dynamic power dissipation asa 
function of CLOCK frequency. Fig. 10 - Dynamic power dissipation test circuit. 
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Yoo 
iweuTs ourpurs 
Yin 
Ne us 
° of 
Yew 
Wore: 
Vss TEST ANY COMBINATION 
OF INPUTS. 
o2cs~2764IRI 
9205-27401RI 
Fig. 11 - Quiescent device current test circuit. Fig. 12 ~ Noise immunity test circuit. 
Yoo 
INPUTS 
Yoo NOTE 
ce ) MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Vpp AND Vss° 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vop OF Vgg- 
Vss 






5 
1 
1 


g -10 
(0.102-0.254) 
63 - 71 
{1.600~-1.803) 


9208-27402 


Fig. 13 - input leakage current test circuit. 


Dimensions and pad layout for CD40175BH. 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 


75-83 as indicated. Grid graduations are in mils (10°3 
(1.905~2 108) inch). 





The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the water 
is separated into individual chips, the angle of cleavage may 
vary with respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, may differ 
slightly from the nominal dimensions shown. The user 
should consider a tolerance —3 mils to +16 mils applicable 
to the nominal dimensions shown. 
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CMOS 4-Bit 
Arithmetic Logic Unit © 


High-Voltage Types (20-Volt Rating) 


The RCA-CD40181B is a low-power four-bit 
paraliel arithmetic logic unit (ALU) capable 
of providing 16 binary arithmetic operations 
on two four-bit words and 16 logical func- 
tions of two Boolean variables, The mode 
control input M selects logical (M = High) or 
arithmetic (M = Low)operation, The four 
select inputs (SO, $1, S2, and S3) select the 
desired ‘ogical or arithmetic functions, 
which include AND, OR, NAND, NOR, and 
exclusive-OR and—NOR in the logic mode, 
and addition, subtraction, decrement, left- 
shift and straight transfer in the arithmetic 
mode, according to the truth table. The 
CD40181B operation may be interpreted 
with either active-low or active-high data at 
the A and B word inputs and the function 
outputs F, by using the appropriate truth 
table. 

The CD40181B contains logic for full look- 
ahead carry operation for fast carry gener- 
ation using the carry-generate and carry- 
propagate outputs G and P for the four bits 
of the CD40181B. Use of the CD40182B 
look-ahead carry generator in conjunction 
with multiple CD40181B’S permits high- 
speed arithmetic operations on long words. 
A ripple carry output C,44 is available for 
use in systems where speed is not of primary 
importance. 

Also included in the CD40181B is a com- 
parator output A = B, which assumes a high 
level whenever the two four-bit input words 
A and B are equal and the device is in the 
subtract mode. In addition, relative magni- 
tude information may be derived from the 
carry-in input C,, and ripple carry-out out- 
put C44 by placing the unit in the subtract 
mode and externally decoding using the 
information in Table III. 

The CD401818 types are supplied in 24- 
lead hermetic ceramic dual-in-line pack- 
ages (D and F suffixes), 24-lead dual-in-line 
plastic packages (E suffix), 24-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


The CD40181 is similar to industry types 
MC14581 and 74181. 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating 
conditions should be setected so that 


operation is always within the following ranges: 


CHARACTERISTIC LIMITS 
|_Min. | Max. | 





Supply- Voltage Range 
(For Ta=Full Package- 
Temperature Range) 












CD40181B Types 


Features: 

® Full look-ahead carry for speed operations on long words 

& Generates 16 logic functions of two Boolean variables 

@ Generates 16 arithmetic functions of two 4-bit binary words 
# A= B comparator output available 

8 Ripple-carry input and output available 

& Typical addition time 200 ns @ Vpp = 10 V 

§ Standardized, symmetrical output characteristics our 
® 100% tested for quiescent current at 20 V 


FUNCTION SELECT 


ouTPuT 
FUNCTION 


eens Cina 


= Maximum input current of 1 vA at 18 V 
over full package temperature range; 
100 nA at 18 V and 25°C 

® Noise margin (full package temperature range) ¥g5 

=1Vat Vppb =5V 
=2Vat Vpp= 10V 
=2.5 Vat Vpp = 15 V 

= 5-V, 10-V, and 15-V parametric ratings 

® Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


CARRY IN 


MODE 
CONTROL ‘OUTPUTS 


sey Danny 


(Active-low data} 
FUNCTIONAL DIAGRAM 





FUNCTION SELECT 


Applications: 

® Parallel arithmetic units 

© Process controllers 

© Low-power minicomputers 


ouTPUT 
FUNCTION 


(4_A=B COMPARE 
ouT 


Sirs Wit 


OUTPUTS 


9208: 28387R2 


(Active-high data) 
FUNCTIONAL DIAGRAM 





MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 





(Voltages referenced to Vgg Terminal) .......... 20 ec ce eee cee nee eee e eee nee eene nes -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS mate -0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT 2.0.0... cece cece cee eer ttre ete e reece etn eeenenan +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Tat =40 to +60°C (PACKAGE: TYPE'E) «20. ..02 cc ceci vee td deci ddee a tees cuatied waaet eens 500 mW 


For T, = +60 to +85°C (PACKAGE TYPE E) .... 








For Tg = -55 to +100°C (PACKAGE TYPES DF, K) 20... cece cece cece rece etter nent ete nees 500 mW 

For Ta= +100 to +125°C (PACKAGE TYPES D, F, K) .......... Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (Ail Package TY Pes) = ocic3ccuneeeeeeae seas 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES 0; Exh cesecctete aid occ di deipitiatvia cee Gh a's ed Sita algie eden dee doe ogee ~55 to +125°C 

PACKAGE TYPE E ........ 0. ccc cece e eee e cence en eee +++ 40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. 22.6... cee cece eee eee +265°C 


AMOKENT TEMPERATURE (Ta)025°C 


oO mA 
& 


GATE-TO-SOURCE VOLTAGE (Vgg)#I5 Vv 


GATE - TO-SOURCE VOLTAGE {Vg¢)=/5V. 


x] 























lov 























OUTPUT LOW (SINK) CURRENT (Ip,)—mA 


x 


SY. 





OUTPUT LOW {SINK) CURRENT (I, 
x 
a 





° s Ca 1S 
ORAIN-TO-SOURCE VOLTAGE (Vps}—V 


DRAIN-TO-SOURCE VOLTAGE (Vpsi—V. 


92C5-2e318R3 
92cs-2a31981 


Fig. 2 — Minimum output low (sink) 
current characteristics, 


Fig. 1 — Typical output tow (sink} 
current Characteristics. 


455 








CD40181B Types 
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STATIC ELECTRICAL CHARACTERISTICS 




























LIMITS AT INDICATED TEMPERATURES (°C) ‘oo 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H, Packages Inputs outputs 
CHARACTER- Values at —40, +25, +85 Apply to E Package ‘i 
Yo | Yin |Yoo a as tae + 
ivy | -85 | 40 | a5 [+125 | min | Typ. | Mex. vi e 
Quiescent Device |_- [oss { s [5 | 0 | so] - | oo | 5 | 
Curent, [= foil 10 { 10_[ 10 300 | 300 [= [004 [10 | bs" Eemrycomanon 
[= _fars{ as [20 [ 20 [600 [600 [T0048 [20] a 
a ee | 100 | Fig. 10 — input-voltage test circuit, 
Ouputow | _04 [os] 5 | oes [oer | oa | 036] 
Ls | 


(Sink) Current | 05 [010] 10 | 16 | 
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: w/e 
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A a XT A 
Guprnon [26 [os [5 | -069[-087|-047 | -0 
Souee) = (“25 fasts |? [ie [13 [nts 

-4.2 
















Output Voltage: 
Low-Level, 
VoL Max. 





Output Voltage: 
High-Level, 
VOH Nin. 





ees 











Input Low 
Voltage, 


Input High [05.4.5] - | 
voltage, [1,9 | - | 101 


a Ce ea ae 


Input Current as 
lin Max. 


TEST CONDITIONS: 

AO, AI,A2, A3,S0,$3,M,Cn Von 
60, 81,82, 83 = tiy 

$1,S2*Vgs 

(ALL OUTPUTS SWITCHING EXCEPT G) 





9208-24007 


Fig. 11 — Dynamic power dissipation test circuit. 
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Yoo 


INPUTS 
Yoo NOTE 
S(t MEASURE INPUTS 
° SEQUENTIALLY, 
vss TO BOTH Vg AND Veg. 
DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C; Input t,, te = 20 ns, CONNECT ALL UNUSED 
Cc, = 50 pF, R,_ = 200 kQ Vag OR Vgg 
ss 
92CS- 27407 


Fig. 12 — Input current test circuit. 


Propagation Delay Time: tpHy, tpLy 
A or B to F (logic mode), 
Aor B to Gor P, 


Aor B to F, Cy 44, or A=B, 


Bl SLB Sl SI Shs 
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> VO oO} 
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Transition Time: trHL. tTLH 9208-27708 
Top View 
Terminal Assignment 
(Active-low Data) 


Input Capacitance, Cy (Any Input) 
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* Expressed as two’s complement. 
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TABLE | 
TRUTH TABLE 


LOGIC 
FUNCTION 



























A minus 1 
AB minus 1 

AB minus 1 

minus 1 

Aplus (A + 5) 
AB plus (A + B) 
A minus B minus 1 
A+B 

Aplus (A + B) 
Aplus B 

AB plus (A + B) 
A +B 
Aplus A 
AB plus A 
AB plus A 
A 












D> yI> > 
® 
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> 
2. + 
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ow 


PERS 
























ION LOGIC 
rac FUNCTION 

1 
O11 0A 
0]; 1/A+8 
1 | O/AB 
1 1 | Logic 0 minus 1 
0 | O|AB Aplus AB” 
0/115 (A + B)plus AB 
1|/O0|/A@B A minus B minus 1 
1 | 1)AaB AB minus 1 
OQO10lA+ A plus AB 
0} 1 A plus B 
1/0 (A + B)plus AB 
1 1 AB minus 1 
0190 Aplus A 
Oo] 1 (A + B) plus A 
170 (A + B)pilus A 
1 1 A minus 1 


1 = HIGH LEVEL 


INPUTS/OUTPUT ACTIVE LOW 
ARITHMETIC* FUNCTION 


INPUTS/OUTPUTS ACTIVE HIGH 


ARITHMETIC* FUNCTION 


































A 
AB 
AB 
Zero 
Aplus (A+B) plus 1 
AB plus (A + B) plus 1 
Aminus B 
(A + B)plus 1 
Aplus (A + B) plus 1 
A plus B plus 1 
AB plus (A + B)plus 1 
A + Boplus 1 
Aplus A plus 1 
AB plus A plus 1 
AB plus A plus 1 
Aplus 1 








M=L 


















Cy =L 

Aplus 1 
(A + 8) plus 1 
(A + B) plus 1 

Zero 

Aplus AB plus 1 

(A + B) plus AB plus 1 

Aminus B 

AB 

A plus AB pius 1 

Aplus B plus 1 

(A + B)plus AB plus 1 

AB 

Aplus A plus 1 

(A + 8)plus A plus 1 

(A + B) plus Aplus 1 

A 











0 = LOW LEVEL 





'22-130 
(3.099-3.302) 








| 4-10 
(0.102-0.254) 
3-10 


93-101 
(2.363-2.565) 92CS-288BaRt 


Dimensions and pad layout for CD40181BH., 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10-3 inch}. 


The photographs and dimensions of each CMOS chip 
represent @ chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider @ tolerance 
of ~3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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TABLE 
AC oa SETUP REFERENCE (ACTIVE-LOW DATA) 


Ch+4 
Any F 
cam 
All A's, SUBTRACT 
81, B2, B3, 
A‘ EXCLUSIVE 
OR 





* ADD Mode: SO, $3 = Vp; St, S2 = Vg. SUBTRACT Mode: SO, $3 = Vgg: St, S2 = Vpp. 
TABLE Itt 
MAGNITUDE COMPARISON 
ACTIVE — HIGH DATA ACTIVE — LOW DATA 








INPUT yale 
Ca Ca+4 MAGNITUDE 


ee 
nota Lea 
re ee eee 
ie peo ee 
ro Lo mae 


To | ace 
Perle wee 
pad 
Ea 










1= HIGH LEVEL 
0 = LOW LEVEL 
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CD40182B Types 


CMOS Look-Ahead 
Carry Generator 
High-Voltage Types (20-Volt Rating) 


The RCA-CD40182B is a high-speed took- 
ahead carry generator capable of anticipating 
a carry across four binary adders or groups 
of adders. The CD40182B is cascadable to 
perform full look-ahead across n-bit adders. 
Carry, propagate-carry, and generate-carry 
functions are provided as enumerated in the 
terminal designation below. 


The CD40182B, when used in conjunction 
with the CD40181B arithmetic logic unit 
(ALU), provides full high-speed look-ahead 
carry capability for up to n-bit words. Each 
CD401828 generates the look-ahead (antici- 
pated carry) across a group of four ALU’s. 
In addition, other CD40182B’s may be em- 
ployed to anticipate the carry across sections 
of four look-ahead blocks up to n-bits. Carry 
inputs and outputs of the CD40181B are 
active-high logic, and carry-generate (G) and 
carry-propagate (P} outputs are active-low. 
Therefore the inputs and outputs of the 
CD401828 are compatible. 


The CD40182B types are supplied in 16- 
lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 


The CD40182B is similar to industry type 
MC14582. 


TERMINAL DESIGNATIONS 








Active-Low 






3,1, 14,5 
Inputs 


Active-Low 
Group 





Output 


Active-Low 
Group 





Es Output 
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DESIGNATION} TERM. FUNCTION 


Carry-Generate 
Active-Low 

4,2, 15,6] Carry-Propagate 
Inputs 


Active-High 
Carry tnput 
Crtx: Cry 12,11,9 Active-High 
Ca4z Carry Outputs 


Carry-Generate 








Carry-Propagate 


Features: 


= Generates high-speed carry across four adders 
or adder groups 

® High-speed operations: 
tPHL = teLH = 100 ns (typ.} @ Vpp =10V 

= Cascadable for fast carries over N bits 

© Designed for use with CD40181B ALU 

= 100% tested for quiescent current at 20 V 

= 5-V, 10-V, and 15-V parametric ratings 

® Standardized, symmetrical output 
characteristics 

@ Maximum input current of 1 uA at 18 V 
over full package-temperature range; 100 
nA at 18 V and 25°C 

™ Noise margin (full package-temperature 
range) = 1VatVpp=5V 

2V at Vpp =10V 
2.5 V at Vpp =15V 

= Meets ail requirements of JEDEC Ten- 
tative Standard No. 13A, “Standard 
Specifications for Description of ‘B’ 
Series CMOS Devices” 

Applications: 

® High-speed parallel arithmetic units 


® Multi-level look-ahead carry generation for 
long word lengths 






























Crtx =GO+PO-C, 


P =P3-P2-P1- PO 





< 
ov 
a 





Fig. 1 — CD40182B logic diagram. 


CD40182B Logic Equations: 


Coty =G1+P1-GO+P1-PO-C, 
Ch+z =G2+P2-G1+P2-P1-GO+P2-P1-PO-C, 
G =G3+P3-G2+P3-P2-G1+P3-P2-P1-GO 





¥yqdagaao 





TOP VIEW 


y2CS- 27624 


TERMINAL ASSIGNMENT 





* ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION ¥ Vg. 
NETWORK 


92CM- 27625 














CD40182B Types 





RECOMMENDED OPERATING CONDITIONS [awees TEMPERATURE Cay asect THI 
For maximum reliability, nominal operating conditions should be selected so that | f 
operation is always within the following ranges: 


LIMITS 
CHARACTERISTIC MIN. MAX. UNITS 
Supply Voltage Range (For T, = Full 3 18 Vv 
Package-Temperature Range) 
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‘OUTPUT LOW (SINK) CURRENT (1p) —mA 
a 8 
Ht 
pages f 
is3 
< 
is 
ies: 
s a : 5 : 
toe iaecsust 
tt tetetc 
sStepatticietet 
= tT 






























































‘) Sv 
MAXIMUM RATINGS, Absolute-Maximum Values: 3 x ss + 
ible} SUPPLY-VOLTAGE RANGE, (Vpp) DRAIN-TO-SOURCE VOLTAGE (Vps)—V psa 
(Voltages referenced to Vgg Terminal) ....... 26. .ce cee eee teeter treet e rete eee et eeees -0.5 to +20 V fe Aya ' . 
INPUT VOLTAGE RANGE, ALL INPUTS .........0cc0c0ccccc cece cen eeu tees eeeeees -0.5 to Vpp +0.5V Fig. 2 pha bi enone 
DC INPUT CURRENT, ANY ONE INPUT 2.00.0. ..0c0ccccecee ec eenene etter ee nene rene en enen ees +10 mA Sd atid 


POWER DISSIPATION PER PACKAGE (Pp): 
For T, = -40 to +60°C (PACKAGE TYPE E) «2.0.0... e cece ese entree ee nee n tenn ne ences 
For T, = +60 to +85°C (PACKAGE TYPE E) ......... 00 eee ees Derate Linearly at 12 mW/°C to 200 mW 
For Ta = -55 to +100°C (PACKAGE TYPES D, F, K) .....-0. ses see eee cerns eee eee eect renee eees 500 mW 
For T, = +100 to +125°C (PACKAGE TYPES D, F, K) .. 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ......-...-eeeeeeeeeee 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D,F,K,H .......c cece cece eect renee cert n crete tees ene e teeta es -55 to +125°C 
PACKAGE TYPE E ........0.... sev eeee . -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tgtg) ..- 0-0. 00sec erect eee rene ener tree nes we. 65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ..... cece eee e eee eee +265°C 
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AMBIENT TEMPERATURE (T,)*25°C 
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GATE = TO- SOURCE VOLTAGE (Vgg}«I5 ¥ 
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OUTPUT LOW (SINK) CURRENT (Ip)) — mA 











coy 5 0 % 
ORAIN-TO-SOURCE VOLTAGE (Vps)—V_ 


Weck oe Nene 


STATIC ELECTRICAL CHARACTERISTICS Fig. 3 — Minimum output low (sink) 


LIMITS AT (INDICATED TEMPERATURES (°C) i cc 
CONDITIONS Values at -55 +25, +125 Apply to D, F, K, H Packages 
CHARACTER- Values at —40, +25, +85 Apply to E Package DRAIN- T0-SOURCE VOLTAGE (Vpg)—V 
IsTIC (aMBTEnTT TEMPERATURE Calo CE rf 7 
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Current, : 
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Output High 3 ; . E - t 
(Source) E , " 3 . 3 9265-243z005 


Current, ; 
| Min Fig. 4 — Typical output high (source) 
ala : é current characteristics. 












































Output Voltage: 
Low-Level, ORAIN-TO-SOURCE VOLTAGE (Vps)—v 
u . 15. ~10 -$ 
VoL Max. AMBIENT TEMPERATURE {Tale 25°C 
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GATE -TO-SOURCE VOLTAGE (¥gg)* -$ V 
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Output Voltage: 
High-Level, 
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‘in Max. : ‘ . : Fig. § ~ Minimum output high (source) 
current characteristics. 
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CD40182B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At Ty = 28°C; Input t,, t= 20 ns, Cy = 50 pF, Ry = 200k2 


CHARACTERISTIC Vop 
(v} Typ. 
Propagation Delay Time: 5 
PHL: tPLH 10 
P, G In to P, G Out and Carry Outs 15 
5 


C,, to Carry Outs 10 
15 












2 
@ 
Be 
= 
5 
& 
2 
z 
= 
# 
- 
3 
& 
2 
= 
= 
& 








0 20° a 60 8 00 
Mi LOAD CAPACITANCE (Cp)—pr 7205-24977 
Transition Time: tryt. tTLH 


Fig. 6 ~ Typical transition time as a function of 
load capacitance. 





Input Capacitance Cypy (Any Input) 


















POWER DISSIPATION (Pp) — .W 
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LOAD CAPACITANCE {C.)—oF 






wacs- 29289 46 S94 9208-2926) 
Fig. 7 — Typical propagation delay time as a function ru eee ea oe Ce ; athe eae 
of load capacitance (P, G In to P, G Out Fig. 8 — Typical power dissipation as a function of Fig. 9 — Power dissipation test circuit. 
and Carry-Outs). input frequency. 
Yoo 
Yop 
Vv 
tPUTS Yo 
INPUTS OUTPUTS 


INPUTS 


a + Yoo NOTE 
ve 2 One MEASURE INPUTS 
iL ° SEQUENTIALLY, 


° 
Vss 














. Vss ma TO BOTH Vpp AND Vgg 
=~ CONNECT ALL UNUSED 
id ie) Aivcousidaion INPUTS TO EITHER 
v INATH OR Vee: 
ee OF INPUTS Yoo OR Vss 
Vss 
92CS-27441R1 
Vs 9208-27402 
92cs- 27401R) 
Fig. 10 — Quiescent device current test circuit. Fig. 11 — input voltage test circuit. Fig. 12 — Input current test circuit. 
Applications 
| i nT 
Carry lc CARRY 
n ouT 
BO PO Cory | PL Casy 92 P2 
coaoa2 
LOOK- AHEAD 





OUTPUTS 


92C8-27626A1 


Fig. 13 — 16-Bit two-level look-ahead ALU. 
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gece 2762? 


Fig. 14 — 64-Bit full carry look-aheed ALU in 3 lavels. 





CD4O18I8 


fn Cret—{ neal ten gp ie ab A (HH a Crl—7-en gp 
G3 P3) 
GP 


























PO [ Gl Pt ib G2 P2 Cnez GO PO Crea 
coso1e28 co4o8i8 


GI PY Cay 











92ct - 29287 


Fig. 15 — Combined two-level look-ahead and ripple-carry ALU. 


DIMENSIONS AND PAD LAYOUT FOR CD40182BH 





Re 4-10 
(0.102 -0.254) 
83-91 
(2.108~2.311) 
92CM~- 33362 
Dimensions in parentheses are in millimeters and The photographs and dimensions of each CMOS chip 
are derived from the basic inch dimensions as represent a chip when it is part of the water. When the 


wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 


indicated. Grid graduations are in mils { 10-3 inch}. 
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CD40192B, CD40193B Types 


CMOS Presettable 
Up/Down Counters 


(Dual Clock With Reset) 


High-Voltage Types (20-Volt Rating) 
CD40192 — BCD Type 
CD40193 — Binary Type 


The RCA-CD40192B Presettable BCD Up/ 
Down Counter and the CD40193B Preset- 
table Binary Up/Down Counter each consist 
of 4 synchronously clocked, gated ‘‘D’’ type 
flip-flops connected as a counter. The inputs 
consist of 4 individual jam lines, a PRESET 
ENABLE control, individual CLOCK UP 
and CLOCK DOWN signals and a master RE- 
SET. Four buffered Q signal outputs as well 
as CARRY and BORROW outputs for mul- 
tiple-stage counting schemes are provided. 





The counter is cleared so that ail out- 
puts are in a low state by a high on the RE- 
SET line. A RESET is accomplished asynchro- 
nously with the clock. Each output is 
individually programmable asynchronously 
with the clock to the level on the cor- 
responding jam input when the PRESET 
ENABLE control is iow. 


The counter counts up one count on the 
positive clock edge of the CLOCK UP sig- 
nal provided the CLOCK DOWN jine is high. 
The counter counts down one count on the 
positive clock edge of the CLOCK DOWN 
signal provided the CLOCK UP line is high. 


The CARRY and BORROW signals are high 
when the counter is counting up or down. 
The CARRY signal goes low one-half clock 
cycle after the counter reaches its maximum 
count in the count-up mode. The BORROW 
signal goes low one-half clock cycle after 
the counter reaches its minimum count in the 
count-down mode. Cascading of multiple pack- 
ages is easily accomplished without the need 
for additional external circuitry by tying the 
BORROW and CARRY outputs to the 
CLOCK DOWN and CLOCK UP inputs, 
respectively, 
package. 


The CD401928 and CD40193B types are 
supplied in 16-lead hermetic dual-in-tine 
ceramic packages (D and F suffixes), 16- 
lead dual-in-tine plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 





of the succeeding counter 
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Features: 


™ Individual clock lines for counting up or counting down 
® Synchronous high-speed carry and borrow propagation 


delays for cascading 
= Asynchronous reset and preset capability 


= Medium-speed operation—fco, = 8 MHz (typ.) @ 10 V 


@5-V, 10-V, and 15-V parametric ratings 

§ Standardized, symmetrical output 
characteristics 

= 100% tested for quiescent current at 20 V 

= Maximum input current of 1 uA at 18 V 
over full package temperature range; 100 
nA at 18 V and 25°C 

® Noise margin over full package temperature 
range: 
TVatVpp=5V 2VatVpp=10V 

2.5 V at Vpp =15V 

= Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 


= Up/down difference counting 

™ Multistage ripple counting 

= Synchronous frequency dividers 

= A/D and D/A conversion 

™ Programmable binary or BCD counting 


clock up + 





ctock oown 





CARRY 





14 
RESET 


Yop? '6 
Vsg:8 


CD40192B, CD40193B 
FUNCTIONAL DIAGRAM 


CLOCK DOWN 
CLOCK uP 
Q3 


BN an sun — 


TOP ViEW 
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CD40192B, CD40193! 
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TERMINAL ASSIGNMENT 














@ SAME AS CONTROL LOGIC | 


92CM- 28984R) 




















































































































% ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 








Fig. 1 — €D40192B logic diagram (BCD). 
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jm SAME AS CONTROL LOGIC | 
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% ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 


Fig. 2 — CD401938 logic diagram (binary). 

















Fig. 4 — Internat logic of Flip-flop. 


TRUTH TABLE 
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ENABLE Ree! 


ACTION 
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NO COUNT 
COUNT DOWN 
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1 = HIGH LEVEL 


0 = LOW LEVEL 


X = DON'T CARE 
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Fig. 3 — CD40192B timing diagram. 
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4055-28486 


Fig. 5 — CD401938 timing diagram. 
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Fig. & — Typical output low (sink) 
current characteristics. 
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CD40192B, CD40193B Types 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 








(Voltages referenced to Vgg Terminal) ..............00cccc ccc cccccceeeeeeceucerceeeees -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS Seek -0.5 to Vop +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .........000..c cece ccc cccssceeeeccevuneneueeenernens +10 mA 
POWER DISSIPATION PER PACKAGE (Pp) 

For T, = 40 to +60°C (PACKAGE TYPE E) ..........0 0c ccceeccccc cee eevas es seeeecseuaees 500 mW 

For T , = +60 to +85°C (PACKAGE TYPE E) .............-.2055 Derate Linearly at 12 mW/°C to 200 mw 

For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 00.0... .0.cecc ccs ceeceee ees seuseeceeeees 500 mw 





For T, = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 


For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..........-.....000005 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D,F,K,H ........ccc cece eccce cee te ree cent eeeettteeeterneretees -55 to +125°C 


PACKAGE TYPE Ess ccstccsicdie hain'y ocd iin cn eie sie oidloa wastes 
STORAGE TEMPERATURE RANGE (Tstg) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. 22.2.2... c ee cece cence +265°C 


-40 to +85°C 
-€5 to +150°C 





RECOMMENDED OPERATING CONDITIONS at Ta = 25°C (unless otherwise specified) 


For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges. 


CHARACTERISTIC 


Supply Voltage Range (For T, = Full Temp. Range) 


Removal Time: 
RESET or PE 


Pulse Width: 
RESET 





Clock Input Frequency 


Clock Rise & Fall Time 


cox —A KON 
t 
RESET 
PRESET ENAGLE: 7 t 


H ——,- teem” 
* a 
RESET OR PRESET ENABLE 
REMOVAL TIME 


925 - 27562R) 


Fig. 10 — Timing diagram defining Lae 


466 





AMBIENT TEMPERATURE (Tq)*25 °C H 
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DRAIN-TO-SOURCE VOLTAGE (VYpg)—V —92¢S- 2431941 


Fig. 7 — Minimum output tow (sink) 
current characteristics. 
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Fig. 8 — Typical output high (source) ad 
current Characteristics. 
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ORAIN-TO-SOURCE VOLTAGE (Vpg)—V 


15 =10 “5 9 
AMBIENT TEMPERATURE (Tq)* 25°C: 
























































































































































































































































+ 
GATE-TO-SOURCE VOLTAGE (Vgc) ~5 V 4 
1 
68 
tt = 
sysecsees 
: § 
t tt ~10V ba 
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Fig. 9 — Minimum output high {source} 
current characteristics. 
[: AMBIENT TEMPERATURE (Taje25°C 
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LOAD CAPACITANCE (CLI~pF ——szcs-20322 


Fig. 11 — Typical transition time as a 
function of faad capacitance. 











STATIC ELECTRICAL CHARACTERISTICS 


(v) {v) 










CHARACTER- 
ISTIC 


=< 
<9 
—o 







Quiescent Device 
Current, 
'pp Max. 






Output Low 
(Sink) Current 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40, +25, +85 Apply to E Package 





tor Min. 
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Fig. 12 — Typical propagation delay time 

















































































































































































































4-10 
(0.102 - 0.254) 


. Dimensions and pad layout for the CO40192BH 
{dimensions and pad layout for the CD40193BH 
are identical), 


Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in- 
dicated. Grid graduations are in mils (10~ inch). 





W-Ng 


: eee By 
~ (2.819- 3.022) “9 









Output High as a function of load capacitance. 
{Source) 
Current, 
10H Min. ea 
Output Voltage: | 0.05 | 1OSe/AMBIENT TEMPERATURE (Ta)+ 25°C EE 
Low-Level, [ 0.08 | [Sretsie oF ; 
VoL Max. e 2 Fy 
1 0, = 7 
Output Voltage: & &- 
High-Level, S , 4 
; . 
VOH Min. z 1%, + +4 
£ 0%. 
m6 Ht 4 
Input Low - | 4 + 
Voltage, : Att tI a L 
Vit Max. & 10%, 
| 4 | pie a 
Input High | — | 45 ime 
z 
Voltage, a a ee eee a cers aes a reas 
Vin Min 1 fo 102 19 10% tos 
; INPUT FREQUENCY (tig) —KH? — gocs- 29907 
Input Current 0.1 A Fig, 13 — Dynamic power dissipation. 
lin, Max. . u 
88-96 








92CS-28930R1 


The photographs and dimensions of gach CMOS chip 
represent a chip when it is part of the wafer. When the 
water is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
differant chips. The actual dimensions of the isolated 
chip, therefore, may ditfer slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of ~3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD40192B, CD40193B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C 
Input ty, tp = 20 ns, C_ = 50 pF, Ry = 200 kQ 


CHARACTERISTIC 


Propagation Delay Time tpyt. tery: 
CLOCK UP or CLOCK DOWN to Q, RESET toQ 






92CS-26986 


Fig. 14 — Dynamic power dissipation test circuit. 







CLOCK UP to CARRY, CLOCK DOWN to BORROW 







RESET or PE to BORROW or CARRY 


Transition Time, tryv- tTLH 










92c$-27¢0RD 
Fig. 15 — Quiescent-device-current test circuit. 
Min. Removal Time, trep,* RESET or PE 








Yoo 
‘ : INPUTS guteuTs 
Min. Pulse Width, ty, RESET 
Wy. Vin 
ba re + 
bd = 
Yin an 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS. 
92CS-2744tRI 


Fig. 16 — Input-voltage test circuit. 


Max. Clock Input Frequency, fo 















DO 
: INPUTS 
Clock Rise & Fall Time, t,, ty Yoo Bz NOTE 
‘ MEASURE INPUTS 
° SEQUENTIALLY, 
i : Vss nan TO BOTH Vpp AND Vs 
tnput Capacitance, Cy): CONNECT Ae UNUseR 
INPUTS TO EITHER, 
RESET Sern te: 
All Other Inputs Vss 
92CS~ 27402 
* The time required for RESET or PRESET ENABLE control to be removed before clocking (see timing ey ae Suclirdee Gale cinsilie 
diagram, Fig. 10. ig. Input curl a: 2 


Jl J2 J 4 vt 2 WS 4 











92CS- 27565RI 


Fig. 18 — Cascaded counter packages. 
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CD40208B Types 
CMOS 4x4 Multiport ictal 














iv Four 4-bit registers wate asic a 

Register ® One input and two output buses 

S Unlimited expansion in bit and word 20 
High-Voltage Types (20-Volt Rating) directions cane o | word « 

® Data tines have tatched inputs eee 

= 3-state outputs 
The RCA-CD40208B is a 4 x 4 multiport ® Separate control of each bus, allowing ae 
register containing four 4-bit registers, write simultaneous independent reading of 
address decoder, two separate read address any of four registers on Bus A and setae 
decoders, and two 3-state output buses. Bus B and independent writing into a ourrur 
When the ENABLE input is low, the cor- any of the four registers mise 
responding output bus is switched, inde- ® Standardized, symmetrical output . 
pendently of the clock, to a high-impedance characteristics weg SHO ENAALE 
state. The high-impedance third state pro- 8 100% tested for quiescent current at 20 V seca: Rensye 
vides the outputs with the capability of being ® Maximum input current of 1 A at 18 V 
connected to the bus lines in a bus-organized over full package-temperature range; FUNCTIONAL DIAGRAM 
system without the need for interface or 100 nA at 18 V and 25°C 
pull-up components. ® Noise margin (over full package- 
When the WRITE ENABLE input is high, temperature range): 
all data input lines are latched on the coats 1VatVpp =5V eee 
transition of the CLOCK and the data is 2 V at Vpp = 10 V a 
entered into the word selected by the write 2.5 V at Vpp = 15 V i are 
address lines. When WRITE ENABLE is tow, m= 5-V, 10-V, and 15-V parametric ratings 
the CLOCK is inhibited and no new data is @ Meets all requirements of JEDEC ouTeUT 
entered. In either case, the contents of any Tentative Standard No. 13A, ‘Standard DATA f axe 
word may be accessed via the read address Specifications for Description of ‘B’ weur enone ne 
lines independent of the state of the CLOCK Series CMOS Devices” ‘OUTPUT 
INPUE. Applications: : 
The CD40208B types are supplied in her- " Scratch-pad memories beads 
metic 24-lead dual-in-line ceramic packages ® Arithmetic units 92cs-20220 


(D and F suffixes), 24-lead dual-in-line plas- 
tic packages (E suffix), 24~lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


® Data storage 
Fig. 1 — Block diagram, 


TRUTH TABLE 






WRITE | WRITE! WRITE 
0 


$2 
















Dp to Word 1] Word 2 


word 0 








Word 0 Word 1] Word 2 
[not altered | out 












































ose—| 1° Yoo re x t x x Word 2| Word 1 
Pe) aze 2 oe 
ENABLE A 3 208 
aon 4 ENABLE B 
aia 8 oe. 1 = HIGH LEVEL:O- LOWLEVEL. X OONT CARE 22 HIGH IMPEDANCE 
ofa 6 o $1 and $2 reter to input states of either 101 0 
BA 7 b2 
WRITE O 8 o3 
WRITE | 9 CLOCK 
babes os 10 sees MAXIMUM RATINGS, Abso/ute-Maximum Values: | 
Nie Rie oh DC SUPPLY-VOLTAGE RANGE, (Vpp) | 
Tor view (Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALLINPUTS .. 
barra DC INPUT CURRENT, ANY ONE INPUT 20.0.0... 0. ccc eee e cece cence neta e teen eeeennteenene +10 mA 
TERMINAL ASSIGNMENT POWER DISSIPATION PER PACKAGE (Pp): 
For T, = -40 to +60°C (PACKAGE TYPE E) ......- 0... cscs ese ee ence eee c eee ee tenes eeeeeeans 500 mw 
For T, = +60 to +85°C (PACKAGE TYPE E) ...........--- 00005 Derate Linearly at 12 mW/°C to 200 mW 
For Ta = 55 to +100°C (PACKAGE TYPES D, F, K) 0.0... cece eee e cece renee eee eee ereeeaeee 500 mw 
For T, = +100 to +125°C (PACKAGE TYPES D, F, K) .........+ Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T Aa FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............:ceeceeeee 100 mW 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F,K,H 2.0.0... cece cece cece cece n eee e een ee teen ae eee en eee ~55 to +125°C 
PACKAGE TYPE E oc. ccc cc cece ccs ceevee eve red eb cececercuseeessaceuaceeessacnesneees ~40 to +85°C 
STORAGE TEMPERATURE RANGE (Totg) .-..---+ eee sete reece ener etter nent teens ~65 to +150°C | 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. ........ 2 eee e ee eee neces +265°C 
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Fig. 2 ~ Logic diagram. 





Fig. 3 — Timing diagram. 
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CD40208B Types 


RECOMMENDED OPERATING CONDITIONS at 7, = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

















CHARACTERISTIC ing UNITS 









Supply Voltage Range 
(For Tp = Full Package 
Temperature Range) 
Set-Up Time: 

Data to Clock, ts(p} 
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yO 0 
ooo w 


ORAIN~TO-SOURCE VOLTAGE (Vo3)—V 


Write Enable to Clock, 
ts(WE) 






Fig. 4 ~ Typical output low (sink) 
current characteristics. 
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Write Address to Clock, 
ts(WA) 

















tee tt 
re eeitisnn 
Baars 





o 7 ma 
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Hold Time: 
Data to Clock, typ) 


pase pesteas 
VOLTAGE (vgs}t15 V2! 
of = 






Write Enable to Clock, 
tHI(WE) 









Write Address to Clock, 
tH(WA) 


OUTPUT LOW {SINK} CURRENT {T, 





_ 
> 
o 






$ 0 15 
DRAIN~ TO- SOURCE VOLTAGE (Vps)—V 
weet gene 
Fig. § — Minimum output low (sink) 
current characteristics. 
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So 





Clock Input Frequency, 
feL 






DRAIN~ TO-SOURCE VOLTAGE (¥os)—V¥ 
=H <5 i) 


Clock Pulse Width, 0 


CL or WE 





= 
NT TEMPERATURE (Ta)=28 °C: 
GATE -TO-SOURCE VOLTAGE (¥g5)*-Sv, 
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tw 












a 
4 
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Clock Rise or Fall Time, 
t-CL or teCL 
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S22. 2eszems 
Fig. 6 — Typical output high (source) 
current characteristics. 
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LOAD CAPACITANCE (C,) — pF 
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s2cs-Rezis : * Loa caPaciTA Frc OF 
9208 2a 52042 Fig. 8 ~ Typical prapagation delay time as a Se PF, 9208-26322 
Fig. 7 — Minimum output high (source} function of load capacitance (CL or Fig. 9 — Typical transition time as a function 
current characteristics. WE to Q). of load capacitance. 
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CD40208B Types 





STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +125 Apply to D,K,F,H Packages 















wee AMBIENT TEMPERATURE 
TT 


Tig 25 
<t 
e 




















CHARACTER. 


Quiescent Device 
Current, 


Output Low 
(Sink) Current 


Output High 
(Source) 
Current, 


Output Voltage: 


Vatues at —40,+25,+85 Apply to E Package 
+25 
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INPUT FREQUENCY (17 )— WM 


aes 
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920$- 29216 


Fig. 10 — Typical power dissipation as a 
function of input frequency. 


Low-Level, \, 
oD 
INPUTS 
Output Voltage: Yoo NaTe 
High-Level, No( > MEASURE INPUTS 
vi in. ° SEQUENTIALLY, 
OH Min Yss TO BOTH Vp AND Vgs_ 
CONNECT ALL UNUSED 
Input Low INPUTS TO EITHER 
Von OR Vss 
Vss 


Input High 
Voltage, 


3-State Output 
Leakage Current 


lout Max. 





o— 


ag 
4-1 
( 


10) 
0.102-0.254) 


126-134 
(3,200-3.403) 
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g2cs-27402 


Fig. 17 — Input leakage current 
test circuit. 


40.4] yA 


ee eee 





92C5- 27401RI 


Fig. 12 — Quiescent-device-current 
test circuit. 


Dimensions and Pad Layout for CD40208BH 


Dimensions in parentheses are in millimeters and are 
oerived from the basic inch dimensions as indicated. 
Grid graduations are in mits (1073 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actua/ dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 











CD40208B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tq = 25°C; Input t,t, = 20 ns, Yoo 
i Cy =50 pF, Ry = 200 kQ 
INPUTS. OUTPUTS 


LIMITS 
H TER viW 
CHARAC ISTIC Typ. : 


Propagation Delay Time: 


PHL: 'PLH NOTE 
Clock or Write Enable to Q Vss TEST ANY COMBINATION 
OF INPUTS 


Read or Write Address to 0 sean 
Fig. 13 — Input-voltage test circuit. 
3-State Disable Delay Time: 


tpZH tPHZ 
'PZL: tPLZ 











Output Transition Time: 
'THL: TTLH 








Minimum Setup Time: 
Data to Clock tg(p) 





Write Enable to Clock tgiwe) 





Write Address to Clock tgrwa) 









[cnan PES PTA VOLTAGE! 

Pero [ero | 
[ tenz | Yoo | Vss_| 
[tez | Vss_ | Yoo | 
[tez. | Vss_[ Yoo_| 


Fig. 14 — Output-enable-delay-times test 
circuit and waveforms. 


Write Enable to Clock ty (we) 1 BF Yoo 500 KF 
ott ee 
p= 





e2cm- 29217 


Clock Rise and Fall Time: 
t-CL, teCL 












Minimum Hold Time: 
Data to Clock tHi(D) 


























j cL 
i Glock fe 43 3 i lst 
Write Address to Clock tH(WA) ‘ 2) aq + 
6 {9 PULSE GEN. 2 
z 18 
9 








PULSE GEN. | 















Maximum Clock Input Frequency, 
fet 














Minimum Clock Pulse Width, 
Clock or Write Enable 


tWiCL) poe — JS LS Luo 
Write Address a 
EE Nef NLR 
Average Input Capacitance, .—REPETITIVE WAVEFORMS —o| 
: 92CM- 29218R1 


(Any tnput) Cy 
Fig. 15 — Power-dissipation test circuit 


and waveforms. 
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CD40257B Types 


CMOS 

Quad 2-Line-to-1-Line 
Data Selector/Multi 
plexer 

High-Voltage Types (20-Volt Rating) 


Features: 
® 3-state outputs 


= 100% tested for quiescent current at 20 V 


® Maximum input current of 1A at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 

® Noise margin (over full package- 
temperature range}: 

1TVatVpp=5V 
2 Vat Vpp = 10V 
2.5 V at Vop = 15 V 

® 5.-V, 10-V, and 15-V parametric ratings 

| Meets all requirements of JEDEC 
Tentative Standard No. 13A, “Standard 
Specifications for Description of ‘B’ 
Series CMOS Devices” 


The RCA-CD40257B is a Data Selector/Multi- 
plexer featuring three-state outputs which 
can interface directly with and drive data 
lines of bus-oriented systems. 

The CD40257B types are supplied in 16- 
lead hermetic dual-in-line ceramic packages 
(D and F suffixes), 16-lead duat-in-line plas- 
tic packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 














(Valtages referenced to Vg Terminal) 0.0... .. cece cece e nee cence ener etter teen neees -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS +.» 70.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .......... 2.2 c eee e cece ee eee e eee e eee n etre en neene +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

For Tq = -40 to +60°C (PACKAGE TYPE E) ..... 0... e cece cece eee eee e ener ee teeter een enes 500 mw 

For Ty = +60 to +85°C (PACKAGE TYPE E) ............-.- Oerate Linearly at 12 mW/°C to 200 mW 

For Ta = -§5 to +100°C (PACKAGE TYPES D, F, K) 0... 2. eee cece e cece reece tenon ener een eens 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) .........- Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ......-.-.---+++.20+- 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, F, K, Ho... ec ccc eect e cece cere eee e nee ee ene tence eneearees ~55 to +125°C 

PACKAGE TYPE E ...... ccc cee cee e eee reer eee etees -40 to +85°C 
STORAGE TEMPERATURE RANGE (Tstg) -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 105 MAK. 2... cece eee ee eee eee +266°C 
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Fig.? - Logic diagram for CD402578. 
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® Standardized, symmetrical output characteristics 


OUTPUT 
DISABLE 


15 








1 

el 
input Yoo" '6 
SELECT V5g:8 


9208" 27320 


FUNCTIONAL DIAGRAM 





Applications: 

® Digital Multiplexing 

@ Shift-right/shift-left registers 
= True/complement selection 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that oper- 
ation is always within the following ranges: 


CHARACTERISTIC UNITS 


Supply- Voltage Range 
(For Ta=Full Package- 
Temperature Range) 









X= DON’T CARE LOGIC 1= HIGH 
LOGIC O=LOW Z= HIGH IMPEDANCE 





~“JAMBIENT TEMPERATURE (Ta)= 25°C © 
bse +t 1 
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we x 
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URAIN TO-SOURCE VOLTAGE (vps) - ¥ 


Fig.2 — Typical output tow (sink) 
current characteristics. 














STATIC ELECTRICAL CHARACTERISTICS 











LIMITS AT INDICATED TEMPERATURES (°C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at —40,+25,+85 Apply to E Pigs. UNITS 


ou mA 
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CD40257B Types 





Fiectal He 
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AMBIENT TEMPERATURE (Ta)*25°C : 


bad iF rit PEA 
nfl li 








5 ry 15 
ORAIN-TO- SOURCE VOLTAGE (Vps)—V 


205 2enom 
Fig.3 ~ Minimum output fow (sink) 
current characteristics. 


DRAIN- TO- SOURCE VOLTAGE (Vps)—V 
-5 fz 


mA 


OUTPUT HIGH (SOURCE} CURRENTII on)—: 


92¢5- 2432083 


Fig.4 — Typical output high (source) 
current characteristics. 











DRAIN-TO-SOURCE VOLTAGE {Vp$)—V 
- 





a é 
OUTPUT HIGH (SOURCE) CURRENTIIOH)—ma 


S2C8-24d2002 
Fig.5 — Minimum output high {source) 
current characteristics. 





CHARACTERISTIC TEST CONDITIONS LIMITS 
Vpotvi_| Typ. | Max. | 

















Propagation Delay Time: 
Data Input to Output, 
tPHL, tPLH 


= 


ge siea a 
1858 


Select to Output, 
tPHL. tPLH 


aoe 
83 


Output Disable to Output, 
tPHL. tPLH 


Transition Time, 


Input Capacitance, Cy Any Input 


388 
28 


~ 
a 











20 
LOAD CAPACITANCE (CL)— pF 
9208-26742 


Fig.6 — Typical propagation delay time asa 


function of load capacitance (DATA 
INPUT ta OUTPUT). 
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CD40257B Types 





o © © 
{LOAD CAPACITANCE (C.)— pF 


92cS-24522 


Fig.7 — Typical transition time as a function 


of load capacitance. 
Yoo 
INPUTS ouTeuTs 
Vi 
; 
° ] 
Yiu t 
NOTE: 
Vgg TEST ANY COMBINATION 
OF INPUTS 
92C$-27441Ri 


Fig. 10 — Input voltage test circuit. 






Pa] AMBIENT TEMPERATURE (T,)=25°C- 4 


LOAD RESISTANCE (A, }=200 KO 


yy 
































10 102 
INPUT FREQUENCY (1 g)— ate 


Fig.8 — Typical dynamic power dissipation as a 


function of input frequency fone 
INPUT to one OUTPUT). 





Fig.11 — Quiescent device 


Dimensions and pad layout for CD40257BH. 












































Yoo 
INPUTS 
Yoo NOTE: 
N G) . MEASURE INPUTS 
bd SEQUENTIALLY, 
Vss TO BOTH Vog AND Veg" 
CONNECT ALL UNUSED 
INPUTS TO EITHER: 
Vop OR Vsg- 
Cy = 15 pF --— Vss 
Hit Ht HH 92cs- 27902 
a aegis fees 4 e Fig.9 — Input current test circuit. 
92cs-28743 
INPUT SELECT le 16 Yoo 
Al 2 OUTPUT DISABLE 
al 3 at 
oO 4 84 
Az 5 D4 
82 6 a3 
oz ? 83 
Yss 8 03 
Top View 
eacst2732) 
eee TERMINAL ASSIGNMENT 
current test circuit. 
73 
(1.651-1.854) 




















4-10 
(0.102 -0254) 76 94 








(1.930-2.133)  92c5-28744R1 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 








The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of ~3 mils to +16 mils applicable to the nominal 
dimensions shown. 

















CMOS A-Series 


Integrated Circuits 
Technical Data 














CD4000A, CD4001A, CD4002A, CD4025A Types 
CMOS NOR Gates 


Dual 3 Input 

plus Inverter—CD4000A 
Quad 2 Input—CD4001A 
Dual 4 Input—CD4002A 
Triple 3 Input—CD4025A 


The RCA-CD4000A, CD4001A, CD4002A, 
and CD4025A NOR gates provide the system 
designer with direct implementation of the 
NOR function and supplement the existing 
family of CMOS gates. 





9208-24757 


CD4000A 


92C8-24762 


CD4001A 
Yoo 


These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and IN R bl 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


GATES 





92CS-22887RI 


OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES O,F,K.H. 1... 2 eee 
PACKAGE TYPEE.. 1... 2.2 2s eee 


DC SUPPLY-VOLTAGE RANGE, (Vgo) 


Features: 
i POWER DISSIPATION PER PACKAGE (Pp): 


® Quiescent current specified to 15 V 

© Maximum input leakage of 1 “A at 15 V 
(full package-temperature range) 

® 1-V noise margin (full package-tempera- 
ture range) 


LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max. 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


Supply-Voltage Range (For Ta = 
Full Package-Temperature 
Range) 





TEST 
CONDITIONS 
Vop 
(Volts) 
Propagation Delay Time; 5 
High-to-Low Level, 
‘PHL 
Low-to-High Level, 
tPLH 
Transition Time: 
High-to-Low Level, 
THE 
Low-to-High Level, 
TLH 


D, F, K, H 


CHARACTERISTIC PACKAGES 














Input Capacitance, Cj 





Note: Numbers to the right of slash mark are for CQ4025A: 
numbers to the left of slash mark are for 4000A, 4001A, and 4002A. 
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(Voltages referenced to Vsg Terminal): ...... 


FOR Ta = -40 to +60°C (PACKAGE TYPE &) 

FOR Ta = +60 to +85°C (PACKAGE TYPE E) 

For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 

For T, = +100 to +125°C (PACKAGE TYPES D,F,K) . - . - 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ....... 100 mw 
INPUT VOLTAGE RANGE, ALL INPUTS ..... 


FUNCTIONAL DIAGRAMS 








Ws E*F+GeH 





92CS- 24760 


CD4025A 


9208-24758 


CD4002A 


ALL INPUTS ARE PROTECTED 
vss BY COS/MOS PROTECTION NETWORK 


MAXIMUM RATINGS, Absolute-Maximum Values. 


STORAGE-TEMPERATURE RANGE (Tyigh 0 ee -65 to +160°C 


NG ONG ih RRC IA ANB OR ton ie es is -55 to +125°C 
i, oa Wartop daa nda, Sp walmcae pelt dot ae NE 2s -40 to +85°C 


ECR ad haba he cere eee O56 to t15V 


sda: dice Bae Be aT ee ee 800 mW 


Sudha in ia gt-t ca Eas sale Se dt GO ToT SNE Ne ge 500 mw 
Derate Linearly at 12 mW/°C to 200 mw 


ioe oareislhce eee 4265°C 





AMBIENT TEMPERATURE (7 4)#25°C! 
' 
1g [SUPPLY VOLTAGE (Voy) 018 ¥ 





















































‘oo 
> Yr 
' 
Bs f is 
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¥ oid ty 
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5 
3 
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0 
INPUT VOLTAGE (¥y)—-V 
92C8-17 7792 


Fig. 1 — Minimum & maximum voltage transfer 
characteristics, 


SUPPLY VOLTAGE 
1s] (Yop '*!8¥ 


Aa 
~ 98% 
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= 55 °C 
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° Ey is 


10 
INPUT VOLTAGE (¥pI—¥ 
92cs- 17780 


Fig. 2 — Typical voltage transfer characteristics 
as a function of temperature. 

















CD4000A, CD4001A, CD4002A, CD4025A Types 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
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CONDITIONS [FF kK, H PACKAGES 
















CHARACTERISTICS 
n|Ypb 
vip iv) 


Yo 
(vi 














Quiescent Device 
Current, |, Max. 











Output Voltage: 
Low Level, 







INPUT VOLTS {¥y) 


0 Typ.; 0.05 Max 
0 Typ.; 0.05 Max 


S2C8- 17778 







Fig. 3 ~ Typical current & voltage transter 
characteristics, 















High Level 4.95 Min.; 5 Typ. 















You 9.95 Min.; 10 Typ. 
one meunity 1.5 Min.; 2.25 Typ. Mame TEMPERATURE (Ty) + 20°C 
inputs Low, 




















Vane 
Inputs High 1.5 Min.; 2.25 Typ. - 
VNH 3-Min.; 4.5 Typ. aa 








Noise Margin: 
{nputs Low, 


VNML. 
Inputs High, 
ViNMH 






ORAIN CURRENT Cip—ma 


3 













Output Drive RAIN — TO — SOURCE VOLTAGE (Vos) 
Current: 92es~17777 
N-Channel Fig. 4 — Typical n-channel drain characteristics. 
{Sink}, 








IpN Min. 









NOR GATES 
ORAIN- TO- SOURCE VOLTS. (¥pg? 






P-Channel 
(Source}: 


IpP Min. 
















input Leakage 
Current, 














OTHER GATE 
GROUNDED 


Nee hig £1075 Typ, #1 Max. 





AMBIENT TEMPERATURE (Ta) © 25°C Ho 
TYPICAL TEMPERATURE COEFFICIENT FOR Ip ¥-0.3% °c FH 





S2CH-17 776 


Fig, 5 — Typical p-channel drain characteristics, 


ORAIN-TO-SOURCE VOLTS (Vos) 
x15, 


CERAMIC PACKAGES —— 
ASTIC PACKAGES, 


AMBIENT TEMPERATURE (Ty) = 25°C 
TYPICAL TEMP COEFFICIENT AT ALL WALUES OF VGst-0.3%/*C 
1s! 















ATE - TO = SOURCE VOLTAGE {Vg¢)=I5V 
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Hy E 
fe 75 pe Ez 
3 a 
ze Ov, a 
I< a 
CERAM ACK AL — = 
PLASTIC PAC! == s 

lov 











BY 















0 28 5 LA} wo 125 15 Ly coy 20 
ORAIN — TO — SOURCE VOLTAGE (¥p$) -V 92¢s-17844 ‘SUPPLY VOLTS(Vp9) 
92cs-17858 s2cs-19086 
Fig. 6 — Minimum n-channel drain characteristics. Fig. .7 — Minimum p-channel drain characteristics, Fig. 8 — Typical propagation delay time vs, Vop. 
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CD4000A, CD4001A, CD4002A, CD4025A Types 


JENT TEMPERATURE ita) + 25° 
TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES 
OF Yop = 0.3% °C 


AMBIENT TEMPERATURE (T,)=25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES 
300] OF Vpn 10.3% °C 











# iso 
4 z 
z 1 
z 
; F 
2 g 200 
z 
: i 
i = 
| : 
— 2 (LF eacs-i77e) 
Fig. 9 — Typical propagation delay time vs. CL. Fig. 10 — Typical transition time vs. CL. 
Yoo 
v, 
bed INPUTS ouTPuTS 
re inpurs *o0"ZnH 
a + 
ba °° 
Vss, VAL 
NOTE. 
TEST ANY ONE INPUT. 
Vss WITH OTHER INPUTS AT 
s2cs. 27400 OD OF Vss 
NOTE: 
04000, CD4002,CD4025- 
TEST ANY ONE INPUT WITH 
Vgs OTHER INPUTS AT Vpp OR Ves- 


Bats 2880 CD4001~ TEST ANY 
COMBINATION OF INPUTS. 


Fig. 12 ~ Quiescent device current test circuit. Fig. 13 — Noise immunity test circuit. 
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AMBIENT TEMPERATURE (Tq) > 25 *C 
POWER DISSIPATION P+CVpp"t * PomescenT 








x 
1 
a 
cS 
“ 
4 
3 
« 
z 
i 
3 
° LOAD CAPACITANCE (Cy 1618 pf — 
= Cy *809F == = 
4 
J 
10? 108 104 10 108 0 
INPUT FREQUENCY (1)) ~ Hz sciitees 


Fig. 11 ~ Typical dissipation characteristics, 


INPUTS 


Yop NOTE: 
MEASURE INPUTS 
SEQUENTIALLY, 

Vss TO BOTH Vpp AND Vs: 


CONNECT ALL UNUSED 
INPUTS TO EITHER 


Von OF Vsg° 
Vss 


9208-27402 


Fig. 14 — input leakage current test circuit. 














CMOS 18-Stage 
Static Shift Register 


The RCA-CD4006A types are comprised of 
4 separate shift register sections: two sec- 
tions of four stages and two sections of five 
stages with an output tap at the fourth 
stage. Each section has an independent 
single-rail data path. 

A common clock signal is used for all stages. 
Data are shifted to the next stage on nega- 
tive-going transitions of the clock. Through 
appropriate connections of inputs and out- 
puts, multiple register sections of 4, 5, 8, 
and 9 stages or single register sections of 10, 
42, 13, 14, 16, 17 and 18 stages can be 


CD4006A Types 


Features: 


@ Fully static operation 

Shifting rates up to 5 MHz 

@ Permanent register storage with clock line high or 
low — — no information recirculation required 

@ Quiescent current specified to 15 V 

@ Maximum input leakage current of 1 uA 
at 15 V (full package-temperature range) 

@ 1-V noise margin (full package-temper- 
ature range) 


These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


CD4006A 
FUNCTIONAL DIAGRAM 


92c$-25069 





implemented using one CD4006A package. 

Longer shift register sections can be assem- 

bled by using more than one CD4006A. ee 
Applications: 


MAXIMUM RATINGS, Absolute-Maximum Values: @ Serial shift registers 


@ Time delay circuits 


STORAGE-TEMPERATURE RANGE (Tstg) 2.0 es —65 to +150°C W Frequency divition 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPESD,F,K.H 0.00 ee -55 to +125°C 
PACKAGE TYPEE. 0... eee ~40 to +85°C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vgg Terminal)... 0. 0. ee ee —0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (Pp): 
FOR Ta=—40 to +60°C (PACKAGE TYPE E) 2.0.0... 2 eee nee 500 mw 
FOR Ta= +60 to 85°C (PACKAGE TYPE €) ......... Derate Linearly at 12 mW/°C to 200 mw 


FOR T, = -55 to +100°C (PACKAGE TYPES D,F,K) 2... 2... ee ee eee 500 mW 
FOR Tx, = +100 to +125°C (PACKAGE TYPES D,F,K) . . . Derate Linearly at 12 mW/°C to 200 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)......... 100 mW 
INPUT VOLTAGE RANGE, ALLINPUTS .........0.0 0.2.00 0: ee eee ee —0.5 to Vop +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 0.79 mm) from case for 10smax..... ee es +265°C 


RECOMMENDED OPERATING CONDITIONS at T, = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 











LIMITS 





CHARACTERISTIC 


Supply-Voltage Range (For T, = Full 
Package- Temperature Range) 
Data Setup Time, ts a 
Clock Pulse Width, ty 500 
200 
Clock Input Frequency, fo. te. 


out 
IF 4th OR 
‘Sth STAGE 






TRUTH TABLE FOR SHIFT REGISTER STAGE 


15 HIGH 
O- LOW 
NC=NO CHANGE 
X= DON'T CARE 
a= LEVEL CHANGE 








92cs Hras7R: 


Fig. 1 ~ Logic diagram and truth table 
fone register stage}. 


“ 'f more than one unit is cascaded t,CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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CD4006A Types 











































































STATIC ELECTRICAL CHARACTERISTICS F AMBIENT TEMPERATURE (Tals 25°C TT! 
. TYPICAL TEMPERATURE COEFFICIENT 
1 FOR ALL VALUES OF Vpp *0.3%/°C 
H 
: i 
Vo | -95 |e $455 M4 sear 
2 ot 
| Typ. | Limit | : i 
Quiescent Device |= | os joorlos | 30 | 5 foos] 5 | 70 | F ig 
Current, I, Max. | —_| [ 1 [oor] 1 [60 | 10 [oos| to [140 | ya 5 
Ex [25 [os | 25 [ooo] 250 | 25 [ 250 [2500 | i 
jutput Voltage: 







0 Typ.; 0.05 Max. 


0 Typ.; 0.05 Max. 


4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


0.25 | 0.125] 0.085 | 0.072 | 0.25 | 0.06 


05 [0.25 0.15 | 05 [o.125[ 0.1 | 
0.15 | -0.1 -0.06 | -0.15 a 
[026] 03 | 02 [ora] 012[ 03 | 


+10-5 Typ., +1 Max. 


Low-Level, 
VoL 


High Level, 
VOH 
Noise Immunity: 
Inputs Low, 
VAL 
laputs High, 
VNH 
Noise Margin: 
Inputs Low, 
VME 
Inputs High, 
VNMH 
Output Drive 
Current: 
n-Channel 
(Sink), 
IpN Min. 


0 Cr a a a a a a) 
LOAD CAPACITANCE (C.)—pF ézcs-ir608 








Fig. 2 — Typical propagation delay time vs. 
load capacitance. 
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heed 


tote te ed 


TRANSITION TIME (Hu! TL Hq) a8 
















AMBIENT TEMPERATURE (Ty) 29°C 
}}jTyPical TEMPERATURE COEFFICIEN 
THFOR ALL VALUES OF Vpp"0.3 %/*C 





















































































LOAO CAPACITANCE (C,)—pF 


92cs 17405 










Fig. 3 — Typical transition time vs. load 


p-Channet : 
capacitance. 


(Source): 
IpP Min. 












input Leakage 
Current, 


tte. WH 





T2]AMBIENT TEMPERATURE (Ta) =25°C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR Ip+-0.3%7°C 





Any Input 
—}]-—] 15 


9] 








GATE-TO-SOURCE VOLTS (Vog)*I3 



































ORAIN MILLIAMPERES (Ip! 
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E at 3 
00 = = 
Sete 
a i 
= 10 18 


$s 
DRAIN-TO- SOURCE VOLTS (Vos) 
9208-17041 


Fig. 5 — Typical output n-channel drain 
characteristics. 


Yoo 





Vss 


“ ALL INPUTS ARE PROTECTED 
GY COS/MOS PROTECTION 
NETWORK. 








NOTE: ALL “P*~UNIT SUBSTRATES * 
ARE CONNECTED TO Vpp 
ALL "N"-UNIT SUBSTRATES 
ARE CONNECTED TO Vgg 


DRAIN MILLIAMPERES (Ip? 













° 
ao 





MBIENT TEMPERATURE (Tg)e 25°C 
TYPICAL TEMPERATURE COEFFICIENTH 


92CS-I7894RI 
FOR Ip «-0.3%/°C 








Fig. 4 — Schematic diagram (one register stage). 





10 13 

ORAIN-TO-SOURCE VOLTS (Vas) 
9205-17840 

Fig. 6 — Minimum output n-channel drain 


characteristics. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta 25°C, Input t,, te = 20 ns, 
Cy = 15 pF, Ry = 2002 


LIMITS 


TEST D,F,K,H 
CONDITIONS Packages 


CHARACTERISTIC 


2 
B 


Propagation Delay Time; 
tPLH- tPHL 


Transition Time; 
‘THLE: tTLH 


Maximum Clock Input 
Frequency, fo, 


Minimum Clock Pulse 
Width, ty 


Clock Rise & Fall Time; 
CL, t¢CL* 


Minimum Data Set Up 
Time, ts 


Average Input 
Capacitance, Cy 


GSES BS ee 


7 \f more than one unit is cascaded t,CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


AMBIENT TEMPERATURE (T)= 25°C 
ALTERNATING “O” 
D°1" PATTERN 
i+ 
= 
A 
























POWER DISSIPATION / STAGE (Pp) — a W 


CLOCK INPUT FREQUENCY (tc, hee 
+ 














02 103 104 108 10 
INPUT FREQUENCY (f1g)— HE acs izg3y 


Fig. 9 — Typical dissipation characteristics. 


Yoo 


Yoo 
Yoo 
INPUTS INPUTS OUTPUTS 
Vss Yoo" ¥wH 
x +, 
° 
VAL z 
wnTeE 
EST ANY ONE INPUT, 
Vss WITH OTHER (NPUTS AT 
s2cs- 27400 YOO OR gg 
ss 


‘92c$- 27401 


Fig. 17 — Quiescent-device-current test circuit. Fig. 12 — Noise-immunity test circuit. 





AMBIENT TEMPERATURE (Ty) = 25°C 
LOAD CAPACITANCE (C, ) = 15 pF 


SUPPLY VOLTS(Yop) 


CD4006A Types 


ORAIN-TO-SOURCE VOLTS (¥p¢) 
~8. —~ 4 
AMBIENT TEMPERATURE (T,}=25°C 
TYPICAL TEMPERATURE COEFFICENT 


‘ 


ry 


f 
“3 
i 
i 





s2cs-17043 
Fig. 7 ~ Typical output p-channel drain 
characteristics. 
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Fig. 8 — Minimum output p-channel drain 
characteristics. 
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Fig. 10 — Typical clock input frequency vs. 
supply voltage. 


INPUTS 


Yoo NOTE: 

MEASURE INPUTS, 

SEQUENTIALLY, 

Yss TO BOTH Vpp AND Vag: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Von OR Veg: 
Vss 
9208-27402 


Fig. 13 — Input-leakage-current test circuit. 
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CD4007A Types 


CMOS 


Dual Complementary 
Pair Plus Inverter 


The RCA-CD4007A types are comprised of 
three n-channel and three p-channel enhance- 
ment-type MOS transistors. The transistor 
elements are accessible through the package 
terminals to provide a convenient means for 
constructing the various typical circuits as 
shown in Fig. 2. 


More complex functions are possible using 
multiple packages. Numbers shown in paren- 
theses indicate terminals that are connected 
together to form the various configurations 
listed. 





These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 

@ Medium-speed operation. . . . 
tPHL = tPLH = 20 ns (typ.) at C_ = 15 pF, 
+Vpp = 10 V 

® Low “high” and “low” output impedance. 
500 2 (typ.) at Vpp — Vss = 10 V 

® Quiescent current specified to 15 V 

®@ Maximum input leakage current of 1 uA 
at 15 V (full package-temperature range) 

B® 1-V noise margin (full package-temper- 
ature range) 


MAXIMUM RATINGS, Absofute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Torq) 
OPERATING. TEMPERATURE RANGE (Ta) 


PACKAGE TYPES D, F, K,H 
PACKAGE TYPE E 
DC SUPPLY-VOLTAGE RANGE, Voo! 
(Voltages referenced to Vgg Terminal)... . 
POWER DISSIPATION PER PACKAGE (Pp) 
FOR T,= -40 to +60°C (PACKAGE TYPE €) 
FOR T,= +60 to +B5°C (PACKAGE TYPE E) 


FOR T,= -55 to +1009 (PACKAGE TYPES D, F, K) 

FOR T= +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T, = FULL PACK AGE - TEMPERATURE RANGE (ALL PACKAGE TYPES) . 


INPUT VOLTAGE RANGE, ALL (INPUTS 
LEAD TEMPERATURE {DURING SOLDERING) 


Atdistance 1/16 + 1/32 inch {159 + 0.79 mm) from case for 10s max 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


LIMITS 


E 
Package 


O,F,K,H 
Packages 


CHARACTERISTIC 


—6 to +150°C 


—55 to +125°C 
-40 to +85°C 


—0.5 to +15 V 


: andi aeitgi! 500 mw 
Derate Linearly at 12 mW/°C to 200 mw 

ba ‘ 500 mw 
Oerate Linearly at 12 mw/°C to 200 mw 


100 mw 
-05 © Vpp *05 V 


+265°C 





Supply- Voltage Range (For Ta = Full 
Package Temperature Range) 


















Propagation Delay 


Ry = 200 k&2 





LIMITS 








D, F, K,H 
Packages 





Time; 
tPLH. (PHL 













Transition Time; 








tTHL, tTLH 














Average Input al 
Capacitance, Cy 





Any Input 
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92cs- 25035 
Terminal No.14 — Vpop 
Terminal No. 7 — Vgg 


CD4007A 
SCHEMATIC DIAGRAM 





Yoo 
ALL INPUTS ARE v 
PROTECTED BY SS 
COS/MOS PROTECTION 
NETWORK 
Applications: 
8 Extremely high-input impedance amplifiers 


@ Shapers 

@ Inverters 

= Threshold detector 
= Linear amplifiers 


AMBIENT TEMPERATURE 
(Tad e2sec 





° 23°35 730 100 1288 
(PUT VOLTS (vy! 


9205 17708 


Fig. 1 — Minimum and maximum voltage-transfer 
characteristics for inverter. 
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Fig. 2 — Typical current and voltage-transfer 
characteristics for inverter. 











CD4007A Types 


STATIC ELECTRICAL CHARACTERISTICS ee Terence vA ee 











Limits at Indicated Temperatures (°C) 
D,F,K,H Packages 


A- SINGLE INPUT ONLY 
B—TWO INPUTS ONLY 
— THREE INPUTS 


% OTHER INPUTS 
SWITCHES TO Yoo 













SUPPLY VOLTS ” 
(Wool? tS A 








OUTPUT VOLTS (vo) 























INPUT VOLTS (Vz) 


s2c8-17706 
Fig. 3 ~ Typical voltage-transfer characteristics 
for NAND gate. 
Noise Immunity: 
Inputs Low 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 
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(Source): Vig ee eye cdl Gua hese heel aah es Fig. 4 — Typical voltage-transfer characteristics 
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for NOR gate. 


Input Leakage 
Current: 


Neel | -— yo — | 15 


Any Input 





*Maximum noise-free low-level bipotar output voltage. tMinimum noise-free high-level bipolar output voltage. 
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CD4007A Types 








AMBIENT TEMPERATURE (T,) * 25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR 
190] at vacues oF Yoo 










“| 


TRANSITION TIME (Uy * tya,!—ae | 


He elieaeattt 
eet 


7 | 





CAPACITANCE (C,)— pF 


92¢5-17790 


Fig. 11 — Typical transition time vs. 
load capacitance. 
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© 2 
apes isase 


a) Tripte Inverters 


(14,2,11}; (8,13); 
(1,5); (7,4,9) 


AMBIENT TEMPERATURE (T,)225 °C HH 
LOAD CAPACITANCE (C.1 =15 pF 


ei 
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SE TT TATE 


a 
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E 
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Ba 
ea 
: 
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SUPPLY VOLTS IVpp! 
92C8-17046RI 


Fig. 12 — Maximum propagation-delay time 
vs. supply voltage. 


‘ (13,21; (1,110; 
= ee (12,58); (7,4,9) 


9205-19349 


b) 3-input NOR Gate 


as (13,12,5); (4,9,8); 


(14,2); (1,11) 


























aan (11,14); (7,4,9) 
=| | Yoo Yoo 
{OPTIONAL Vpp PULL-UP) 
°@—}— 
he 
our 
rs 
iat 
OUT 
nie 
k t } - OUT Ivpg)*&- Ai 
C(@——— —4 uy GT tvgg)+ca cee maa aa Lana 
Ls, ; 
ae Ty 
@ ALL P- UNIT SUBSTRATES = Yss 
ARE CONNECTED TO Yop 
ALL N- UNIT SUBSTRATES * 
ARE CONNECTEO TO Voc Vss Ves, 


d) Tree (Relay) Logic 


©-+4 Ke 
| a Toad 
nal. oe 
4 } -~---- aes 


(6,3, 10); (14,2,11); 
(7,4,9); (13,8,1,5,12) 


{6,3,10); (8.5,12); 


e) High Sink-Current Driver 


naar — --—— 
- FS. —_ cCLOcK 


N 
— tout 





2 (6,3) 


9205-19528 





(1,5,12); (2,9); 
(11,4); (8,13,10); 










AMBIENT TEMPERATURE (Ta) * 
power CLESIRATION ee ites t+ “ovescenn 


SUPPLY VOLTS (Vp ae uu 













DISSIPATION PER GATE (Po) — aw 
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© LOAD CAPACITANCE (C,)*15 pF —— 
CL *SOpF a 






2 03 104 05 108 0 
INPUT FREQUENCY (t)) ~ Hr o7cs 17865 


Fig. 13 — Typical dissipation characteristics. 


(1,12,13); (2,14,11); 
(4,8); (5,9) 


= 


92cs-1$348 


c) 3-Input NAND Gate 


{6,3,10); (13,1,12); 
(14,2,11); (7,9) 














gee ea i: 
pa 
| 
+ (OPTIONAL VggPULL-DOWN) 
’ 92c8-15327 





vss 


f) High Source-Current Driver 


Ox 
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te L. 





G2 





ourz 
tin) 


wes Nar 








i-Directional T ission Gati 
g) High Sink- and Source-Current Driver h) Dual Bi-Directional Transmission ing 


Fig. 14 — Sample COS/MOS logic circuit arrangements using type CD4007A. 


Yoo 
Yoo 
Yoo inputs Yoo 
° 
INPUTS outputs vss INPUTS 
ee ‘© ee 
1 
Soe 4 Ong SEQUENTIALLY, 
VL Vss TO GOTH Vpp ANO Vag: 
E CONNECT ALL UNUSED 
INPUTS TO EITHER 
NOTE Yoo OF Vsg 
Vss TEST ANY COMBINATION 
OF INPUTS Vss 
92c$-2 7441 ‘e2c3- 27401 9209-27402 


Fig. 15 — Noise-immunity test circuit. 


Fig. 16 — Quiescent-device-current test circuit. 


Fig. 17 — Input-leakage-current test circuit. 
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CD4008A Types 
CMOS 4-Bit Full Adder Features: 


. ®@ 4 sum outputs plus parallel look-ahead carry-output 
With Parallel Carry Out Applications ®@ Quiescent current specified to 15 V 
® Maximum input leakage of 1 WA at 15 V 
The RCA-CD4008A types consist of four ‘ oy : : / (full package-temperature range) 
s 
full-adder stages with fast look-ahead carry Binehy sodision/ariehma ta vais @ 1-V. noise margin (full package-temperature 
Provision from stage to stage. Circuitry is in- range) 


cluded to provide a fast ‘‘parallel-carry-out’’ 


- bess a MAXIMUM RATINGS, Absolute-Maximum Values: 
bit to permit high-speed operation in arith- 


metic sections using several CD4008A's. STORAGE-TEMPERATURE RANGE (Tstg)-- ee —65 to +150°C 

CD4008A inputs include the four sets of bits OPERATING-TEMPERATURE RANGE (Ta): 

to be added, Aj to Aq and By to By, in ad- PACKAGE TYPESD,F, KH 0. ccc ees -56 to +125°C 

dition to the “Carry In” bit from a previous PACKAGE TYPE (Es. ache whan eh PA haw tl he age dae’ 40 to +85°C 

section. CO4008A outputs include the four OC SUPPLY-VOLTAGE RANGE, (Vpp) 

sum bits, Sq and Sq, in addition to the high- (Voltages referenced to Vgg Terminal): ©... -0.5 to +15 V 

speed “‘parallel-carry-out’’ which may be POWER DISSIPATION PER PACKAGE (Pp): 

utilized at a succeeding CD4008A section. FOR Ta = —40 to 460°C (PACKAGE TYPE E) 0... ee eee 500 mw 
FOR Ta = +60 to 485°C (PACKAGE TYPE E) ...... Derate Linearly at 12 mw/°C to 200 mW 


These types are supplied in 16-lead her- 


: en : FOR Tg =-55 to +100°C (PACKAGE TYPESD,F.K) eee ee 500 mW 
eee ee ceramic Bachegee ae FOR T, = +100 to +125° (PACKAGE TYPES D,F,K) —. ._ erate Linearly at 12 mW/°C to 200 mW 
F Buti sea), Veseed eueU Une eee DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
packages (E suffix), 16-lead ceramic flat FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)... ... . 100 mw 
packages (K suffix), and in chip form (H INPUT VOLTAGE RANGE, ALLINPUTS. 2.0... .00.0 0000000. ee eee -0.5 to Vpp +0.5 V 
Suffix). LEAD TEMPERATURE (DURING SOLDERING): 

STATIC ELECTRICAL CHARACTERISTICS At distance 1/16 t 1/32 inch (1.59 £0.79 mm} trom case for 10smax... 2. ....00000- +265°C 


Limits at Indicated Temperatures (°c) RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that opera- 


tion is always within the following ranges. 










Characteristic 












Quiescent Device 
Current,|,_ Max. 


(Ta= Full Package- 


Temp. Range) 
O Typ.; 0.05 Max. 


rs | [s [300 [so [os | 50 | 
Fo [ 10 [os {10 | 600 | 500 | 1 | 100. Supply-Voltage Range 
ris 50 12000 [ s00 [5 [ 00 | 









Output Voltage: 
Low-Level, 
VOL 

High Level, 
VOH 



















Prof Typ 30.05Mx 
fos; 5 [4.95 Min Typ, 
ie 9.95 Min.; 10 Typ. 

























nisisecimimunity: 5 | 1.5 Min.; 2.25 Typ. 
tnputs Low, 
VN | 9 [= [10] 3 Min 45 Typ. 
Inputs High, fos |— | 5 | 1.5 Min.; 2.25 Typ. Yop 
VNH (1 {— | 10] 3Min.; 4.5 Typ. 
soos [as] —[s [ta 
Inputs Low, 6 | 
VNML fe {-[mof tn 
InputsHigh, [os{—-| 5 [ tMin, (CARRY) 
VNMH eS cr ae ees |) ee _ MALL INPUTS ARE V Veg 
; PROTECTED BY 
Output Drive los | meee COS/MOS PROTECTION 


° 
A 
~ 
a 


Current: NETWORK 92C5~ 250772 
n-Channel [os | | 10 | 0.93 | 0.75 | os | Fig. 1 — CD4008A logic diagram. 
Eig aS eS Pe Pe ee cee 


IpN Min. 


p-Channel 
(Source), 
IpP Min. 





Input Leakage 
Current, 
lit. {1H Max. 





* Carry Output 4Sum Output 
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CD4008A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C; Input ty, t¢ = 20 ns, C_ = 15 pF, 


CHARACTERISTIC 


Propagation Delay Time: tpy.. tery 
Sum tn to Sum Out 


Carry In to Sum Out 


Sum tn to Carry Out 


Carry In to Carry Out 


Transition Time: try, tTLH 
At Sum Outputs 


At Carry Output 


Input Capacitance, Cy 
{Any Input) 









































































































































: AMOENT TEMPERATURE (7) = 28°C TTT . 
I TYPICAL TEMPERATURE COEFFICIENT —+| | 
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2 yy WO zs 
iw H 
je gs 
t 
es 00 19) 's 
EE 18) i 
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LOAD CAPACITANCE (C,)—~pF 
g2cs. 17828 


Fig. 4 — Typical carry-in to carry-out propagation 
delay time vs. C;. 
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Fig. 7 — Quiescent device current test circuit. 
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92¢3-1786481 
Fig. § — Typical maximum propagation delay time 
vs. Ving for carry-in to carry-out. 
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Fig. 8 — Noise immunity test circuit. 
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INPUTS TO EITHER 
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Fig. 9 — tnput leakage current test circuit. 
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TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF Vpg *0.3%/*C 
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[SuM-IN TO CARRY-GUT PROPAGATION DELAY TIME 











40 
LOAD CAPACITANCE (C_}— pF 
9205-17022 





Fig. 2 — Typical sum-in to carry out propagation 
delay time vs. Cy. 





*j 
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LOAD CAPACITANCE (CL)— 9F 
92e$ 17023 


Fig. 3 — Typical sum-in or carry-in to sum-out 
propagation dalay time vs. c,. 
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Fig. 6 — Typical dissipation characteristics. 
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Fig. 10 — Typical connection for a 16-bit adder. 
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CD4009A, CD4010A Types 


CMOS 


Hex Buffers/Converters 


Inverting Type: CD4009A 
Non-Inverting Type: CD4010A 


9 
The RCA-CD4009A and CD4010A Hex Pe . 
Buffer/Converters may be used as COS/MOS ° y Gates F : 
to TTL or DTL logic-level converters or a meOv 
CMOS high sink-current drivers. @ Sania eee Pe et 
The CD4049A and CD4050A are preferred COS/MOS PROTECTION NETWORK = Ow 
hex buffer replacements for the CD4009A BECaeAeeTR 
and GD4010A, respectively, in all applica- CD4009A 


tions except multiplexers. For applications Features: 
not requiring high sink current or voltage . as 
conversion, the CD4069B Hex Inverter is @ Quiescent current specified to 15 V 


@ Maximum input leakage of 1 “A at 15 V 
(full package-temperature range) 
High sink current for driving 2 TTL loads 


High-to-low level logic conversion 


recommended, 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Applications: 

# CMOS to DTL/TTL hex converter 

= CMOS current “sink” or “source” driver 
@ CMOS high-to-low logic-level converter 
@ Multiplexer — 1 to 6 or 6 to 1 


RECOMMENDED OPERATING CONDITIONS at T, = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
Operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Vojtage Range (For Tq = Full Package- 
Temperature Range : Vpp,, Vcc ) 







Input Voltage Range (V)) 


* The CD4009 and CD4010 have high-to-low level voltage conversion capability but not low-to-high level, 


therefore it is recommended that Vpp = V; = Vcc. 














AMBIENT TEMPERATURE (Ta! + 25°C 
COLLECTOR SUPPLY VOLTS (Vee) «+5 
+10 


AMBIENT TEMPERATURE (Ta }>25C 
COLLECTOR SUPPLY VOLTAGE (Yeg*5¥ 
ORAIN SUPPLY VOLTAGE (Voo)* SY 
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3 Ee ieee tel} Gore Be fe 
Eel Ee el SR 
pet HEE EU RS er el El 
Eat HG (EE 
EERE AE ET 
INPUT VOLTS (Vy) ° 2 4 ‘ . Cy) 
s2cs-19958 HAPUT VOLTS (¥)) 92SS-4195R1 


Fig. 5 ~ Minimum & maximum voltage transfer 


Fig. 4 — Minimum & maximum voltage transfer 
characteristics (V pp = 10) ~ CO4O10A. 


characteristics (V pp = 5) — CD4010A. 
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Fig. 1 — Logic diagrams. 
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2 — Minimum & maximum voltage transfer 
characteristics — CD4009A. 
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INPUT VOLTS (¥)) o2cs-i7e37 

3 — Typical voltage transfer characteristics 
as function of temp. — CD4009A. 









RATURE (Ta) » 25°C EH 
SUPPLY VOLTS (Woe) » «5 
DRAM SUPPLY VOLTS (Yoo) = + 1S 





OUTPUT YOLTS (¥q) 





INPUT VOLTS (4) oi-amAL 


6 — Minimum & maximum voltage transfer 
characteristics (V pp = 15) — CD4010A. 
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CD4009A, CD4010A Types 


STATIC ELECTRICAL CHARACTERISTICS 

















Quiescent Device 
Current, Max. 






S 






Output Voltage: 
Low-Level, 

VoL 
High Level 
VOoH 









4 ‘ © n u 





iy 
INPUT VOLTS (¥)) 
. Fa aaa 
Fig. 7 — Typical voltage transfer characteristics 
as a function of temperature — CD4010A. 






o}o 
a fa 
< i< 
5 |S 
els 
oto 
an 
z2|z 
> |o 
.~ 
eee ed 


9.95 Min.; 10 Typ. 

















































































































Noise Immunity: 

Ware Low, Ss 1.5 Min.; 2.25 Typ. aT RT ATT rT 
: ITANCE (C+ tit 

coaoioa 7.2] - | 10 | 3 Min.; 4.5 Typ. | EE: 

Inputs High ls | in: ri t 4 

 etinaaael cd Bal 1.5 Min; 2:28 Typ. 0 | ead eee 

All Types j2a| — | 10 | 3 Min.; 4.5 Typ. is [PLASTIC paccanke (punt seaies {| 

Inputs Low, 136] - | 5 | 1Min.: 1.5 Typ "4 CERAMIC PACKAGES (tpmi) 

VNL _- . 100 PLASTIC PACKAGES [1 pp} 
CD4009A 7.2] - | 2 Min.; 3 Typ. at 
Noise Margin: HH 

Inputs Low, 3 cy 10 18 
SUPPLY VOLTS (Vpp = Vech 
VNML ; Pas, oO" Mee) sacs-r7ase 
Vv Vpp — CD4010A. 
vane pti, 
D401 fee oo SMI Sk. | 


CD4010A 


Output Drive 
Current : 
N-Channel 
(Sink), 

IpN Min. 


P-Channel 
(Source), 
IpP Min. 









AMBIENT TEMPERATURE (Tg 1" 25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR 19" -0.3%/°C 
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Fig. 9 — Typical n-channel drain characteristics, 
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Fig, 10 — Minimum n-channel! drain Fig. 11 — Typical high-to-low level propagation Fig. 12 — Typical low-to-high level propagation 
characteristics. delay time vs. Cy. delay time vs. Cy. 
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CD4009A, CD4010A Types 
































































































































































































































































































































































































DYNAMIC ELECTRICAL CHARACTERISTICS at Tg = 25°C; Input ty. te = 20 ns, Cy = 15 pF, AMOENT TEMPERATURE (74) +25 °C EE 
TYPICAL TEMPERATURE COEFFICIENT: 
Re = 200 KQ aa FOR ALL VALUES OF Yop * 0.3% /%C 
CONDITION LIMIT 7 Le 
CHARACTERISTIC UNITS Exo : SRE 
Vop Vi Vec Typ. i r BE ei z 
wv) | iw | w Ee ee ie : 
D, F, K, H Packages ia ls i : 
iin ae 
155] Ht HH 
Propagation Delay Time: bs 2 ft 
Low-to-High, tp q 
° 20 40 oo 60 wo 
LOAD CAPACITANCE (C, 1— pF 


92¢5-17074 
Fig. 13 — Typical high-to-low level propagation 
delay time vs. Cy (driving TTL, DTL), 


High-to-Low, tpy 








Transition Time: 
Low-to-High, tri H 







High-to-Low, try 


DELAY TIME (tpyy) — 90 


Input Capacitance, Cy 
CD4009A 
CD4010A 


HIGH LEVEL PROPMBATION 





LOAD CAPACITANCE {C, }—pF 
925 18rd 


Fig. 14 ~ Typical low-to-high level propagation 
delay time vs. Cy (driving TTL, DTL) 


Propagation Delay Time: 
Low-to—high, tp, 


AMBIENT TEMPERATURE (Tq) #25°C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF Von 2 0.9%/%C 


High-to-Low, tpy. 
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Transition Time: 
Low-to-High, tpLy 


High-to-Low, tryt 





LOW- LEVEL TRANSITION TIME (174,11 — 98 


Input Capacitance, C) 
CD4009A 
‘CD4010A 
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LOAD CAPACITANCE (C,)— pF 
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Fig. 15 — Typical high-to-low level transition time 
vs. Che 
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5 y . ree . . ™ x . 1 Hi 
Fig. 16 — Typical low-to-high level transition time Fig. 17 ~— Maximum propagation delay time vs. Y $F Oe snes i980 
vs. Cy. Vpp — CD4009A. Fig. 18 — Typical dissipation characteristics, 
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CD4011A, CD4012A, CD4023A Types 


CMOS NAND Gates 


Quad 2 Input — CD4011A 
Dual 4 input — CD4012A 
Triple 3 Input — CD4023A 


The RCA-CD4011A, CD4012A, and CD- 
4023A NAND gates provide the system 
designer with direct implementation of the 
NAND function and supplement the existing 
family of CMOS gates. 


These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 


© Quiescent current specified to 15 V 

@ Maximum input leakage of 1 A at 15 V 
(full package-temperature range) 

@ 1-V noise margin (full package-temperature 
range) 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that opera- 
tion is always within the following ranges: 


(over full package 
temperature range) 





MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tstg). . . . - - 


OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H 


PACKAGE TYPE E 


POWER DISSIPATION PER PACKAGE (Pp): 
FOR Ta = —40 to +60°C (PACKAGE TYPE E) 
FOR Ta = +60 to +85°C (PACKAGE TYPE E ) 


FOR Ta = -55 to +100°C (PACKAGE TYPES D, F, K) 
FOR Ta = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


gtiue: tat te Manet Soe a ach —65 to +150°C 


sdebcbabmedg = 4a a4 aye’ ~55 to +125°C 
ae ese Ny ceyie RNa age tive ate —40 to +86°C 


. . .-Derate Linearly at 12 mw/°c to 200 mW 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES}....... 100 mw 


INPUT VOLTAGE RANGE, ALL INPUTS 
LEAD TEMPERATURE (DURING SOLDERING}: 


At distance 1/16 + 1/32 inch (1.59 0.79 mm) from case for 10smax..........0-0% +265 C 


AMBIENT TEMPERATURE 
(1, 28°C 


Yo 





° 25° 5 78 © 2S OS 


INPUT VOLTS (Vy! eats-iriws 


Fig. 2 — Minimum & maximum voltage transfer 
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1s au 
© 
Y 
a ‘0 
=, 25 : 
> 
pe woRHe ¢ 
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Fig. 4 — Typical multiple input switching transfer 
characteristics for CD4012A. 
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jUPPLY VOLTAGE 
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WPUT VOLTAGE (Vv pI—V 
92Cs-1778¢ 


Fig. 3 — Typical voltage transfer characteristics 
as a function of temperature. 
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CD4023AH 


Fig. 1 — Functional diagrams. 


ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK. 


92CS-22607RI 


AMBIENT TEMPERATURE (Ta) «25 °C 


TYPICAL TEMPERATURE COEFFICIENT 
1g|FOR Tpr-0.3% / °C 
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SZC -17 798 
Fig. 5 — Typical current & voitege transfer 
characteristics. 


ORAIN - TO - SOURCE VOLTS (Vpst 
9205-17850 


Fig. 6 — Typical n-channel drain characteristics. 

















CD4011A, CD4012A, CD4023A Types 


STATIC ELECTRICAL CHARACTERISTICS 









Limits at Indicated Temperatures (°C) 


Conditions 

} conan | D,F,K,H Packages 
Vo IVIN|VDD | _55 +128 
(v) }(v)} (v) 


Current, 1, Max| ~ [ — | 
Ea 










2 
i 
g 
8 
a 
E 
EB 
sels] a 







Low-Level 
Vou 
High Level, 
VOH 
Noise Immunity: : 
Inputs Low, 
VNL 
Inputs High, 
VNH 
Noise Margin: 
Inputs Low, 
VNML 
Inputs High, 
VNMH 
Output Drive 
Current: 
N-Channel 
(Sink) 
{DN Min, 
CD4011A 
CD4023A 


O Typ.; 0.05 Max. 
4.95 Min.; 5 Typ. 


9.95 Min.; 10 Typ. 


1.5 Min.; 2.25 Typ. 
Vv 









O Typ.; 0.05 Max. 
Vv 











= 
iS) 


3 Min.; 4.5 Typ. 


1.5 Min.; 2.25 Typ.; 


3 Min.; 4.5 Typ. 

































C04012A 





P-Channel 
(Source), 
IpP Min, 
All Types 


Input Leakage 
Current, 


No ti 
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JAMBIENT TEMPERATURE (Tal = 25°C 
JTYPICAL TEMPERATURE COEFFICIENT 




















AMGIENT TEMPERATURE (Tale 25 °C 2 gq{FOR ALL VALUES OF Vp +0 307°C 
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OR I, as 
3 
sé Fe 
E 
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‘925-17889, 9203-17794 


Fig. 10 — Minimum p-channel drain 
characteristics. 


Fig. 11 — Typical tow-to-high level propagation 
delay time vs. Cy. 
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AAMMEMT TEMPERATURE (Tg) © 25°C 
TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Vgg*-0.3%/°C 


TEMPERATURE (T, )» 28°C 
TEMPERATURE COEFFICIENT POR 19 °-05%/%C 






° 8 ” 18 
DRAIN - TO - SOURCE VOLTS (Vpg) 
eacs-17e47 
Fig. 8 — Minimum n-channel drain characteristics 


—CD4011A & CD4023A. 


ORAIN MIL LIAMPERES (I) 


TYPICAL TEMPERATURE COEFFICIENT 
FOR Ip*-0.3%/ °C 


16 is 
DRAIN - TO- SOURCE VOLTS {V¥pg) 





9205-1 7o510 
Fig. 9 — Minimum n-channel drain character- 
istics. 


AMBIENT TEMPERATURE (Ta) = 25°C 
TYPICAL TEMPERATURE COEFFICIENT 











Hy» © TO 8 


LOAD CAPACITANCE (C,)— pF 
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Fig. 12 — Typical high-to-low level propagation 
delay time vs. Cy — CD40T1A, & 
CD4023A. 
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CD4011A, CD4012A, CD4023A Types 
























































































































































DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 25°C, CL = 15 pF, Input t,, te=20 ns, AMBIENT TEMPERATURE (7,) =20°C 
AL = 200 KD F300] aur vawues oF vogs@se7-0 
ig 
rest [| tits : 
CONDITIONS D,F,K,H E he *0° SUPPLY VOLTS {Vpol 5 
CHARACTERISTICS Packages Package a 
iJ 
DD 5 100 i 
fesielalale | : 
Propagation Delay Time: | 100 | 
Low-to-High Level, tpy a Rc ee 






LOAD CAPACITANCE (C,)—pF 
92C8-17796 






High-to-Low Level, toy, 
CD4011A and CD4023A 


Fig. 13 — Typical high-to-low level propagation 
delay time vs. Cy — CD4012A. 
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TYPICAL TEMPERATURE COEFFICIENT, 
FOR ALL VALUES OF Vp 0.3% /*C 
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Fig. 14 — Typical low-to-high transition time vs. 
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TYPICAL TEMPERATURE COEFFICIENT TYPICAL TEMPERATURE COEFFICIENT FOR rs tt HH 
FOR ALL VALUES OF Vpp "0.3% 9C  - t 3.10 
2 % H 
| 2 5 
~ : fi H 
F Pi £ 
ie 200] z= ¥ 
Ed SUPPLY VOLTS (Vg) © - 3 
= = 
4 F 
is 10) s 
= io % a 
i is H 5 
‘ i 
oe Beamer ee event aay 
L eeecisves LOAD CAPACITANCE (C.) - 9F Saessiziee SUPPLY VOLTS (Vpp) Maes cheat 
Fig. 1§ — Typical high-to-low level transition Fig. 16 — Typical high-to-low level transition time Fig. 17 — Minimum propagation delsy 
time vs. Cy — CD40114 & CD4023A. vs. Cy — CD4072A, time vs. Vpp. 
AMBIENT TEMPERATURE {Ta} ® - © Yoo 
POWER KLESIPATION PECVD 1+ F, ia 
x =e Voo 
los INPUTS Yoo 
r-) ° Yoo 
é vss INPUTS 
3 bad (PUTS OUTPUTS Yoo NOTE 
4 Van? No I ’: ~ MEASURE INPUTS 
of LJ 
& . a + ba SEQUENTIALLY, 
i a y, Ygs TO BOTH Vop AND Vgg 
0 YN CONNECT ALL UNUSED 
5 INPUTS TO EITHER 
2 LOA CAPACITANCE (CL) +15 pF mm NOTE: Von OF Veg 
©. *S0pF == TEST ANY OWE INPUT, Vss 
\ Vss WITH OTHER INPUTS AT 
oe 3 ry 3 10 7 a trea s2cs-2r400 YOO OR Vg FEDER: 
K oO 10 a) to! 
; INPUT FREQUENCY (f)) —Hz % 178? Eig 19 — Quiescent device current Fig. 20 — Noise immunity Fig. 21 — Input leakage current 
Fig. 18 — Typical dissipation characteristics. test circuit. test circuit. test circuit. 
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Dual ‘D’-Type Flip-Flop 


The RCA-CD4013A consists of two identical, 
independent data-type flip-flops. Each flip- 
flop has independent data, set, reset, and 
clock inputs, and Q and Q outputs. These 
devices can be used for shift register appli- 
cations, and by connecting G output to the 
data input, for counter and toggle applica- 
tions. The logic level present at the D input 
is transferred to the Q output during the 
positive-going transition of the clock pulse. 


Setting or resetting is independent of the 
clock and is accomplished by a high level 
on the set (with fow-level on reset) or reset 
(with low-level on set) line, respectively. 


These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


STORAGE-TEMPE RATURE RANGE (Teeq) 

OPERATING: TEMPERATURE RANGE (T,) 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE, & eps Tae of 

DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced ta Vgg Terminal) 


POWER DISSIPATION PER PACKAGE (Pp) 


FOR T= —40 to +60°C (PACKAGE TYPE E | 


FOR T,= +60 to +85°C (PACKAGE TYPE E€ } 


FOR Tp = -55 to +100°C (PACKAGE TYPES D, F, K} 

FOR T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T, = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ....... 


INPUT VOLTAGE RANGE, ALL INPUTS . 
LEAD TEMPERATURE (DURING SOLDERING) 


At distance 1/16 + 1/32 inch (159 + 0.79 mm) from case for 10s max. 


—6 to +150°C 


—55 to +125°C 
—40 to +85°C 


—0.5 to +15 V 


500 mW 
Derate Linearly at t2 mw/°C to 200 mW 
500 mW 
. Derate Linearly at 12 mw/9C to 200 mw 


100 mW 


+265°C 


TRUTH TABLE 

















LOGIC O= LOW 
LOGIC t= HIGH 
& + LEVEL CHANGE 
X= DON'T CARE 
NUN}= FFI/EF2 TERMINAL 
ASSIGNMENTS 


Yoo 






au INPUTS ARE 
PROTECTED BY 
CO$/MOS PROTEC TION 
NETWORK 


vss 


925S- 4306R7 


Fig. 1 — Logic diagram and truth table for CD4013A (one of two identical flip ttops}. 


CD4013A Types 


92¢5- 28066 


CD4013A 
FUNCTIONAL DIAGRAM 





Features: 
& Set-Reset capability 


® Static flip-flop operation — retains state indefinitely 


with clock level either “high” or “low” 

= Medium-speed operation — 10 MHz (typ.) clock 
toggle rate at 10 V 

® Quiescent current specified to 15 V 

® Maximum input leakage of 1 A at 15 V 
(full package-temperature range) 

B 1-V noise margin (full package-temperature 
range) 


Applications: 
® Registers, counters, control circuits 














































































































































AMBIENT TEMPERATURE (Tals 25°C 
TYPICAL TEMPERATURE COEFFICIEN 
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Fig.2 — Typical n-channel drain characteristics. 


DRAIN ~ TO = SOURCE VOLTS (Vpg) 
=10 ~§ 
























(92) S3u3eNVITIN NIVEO 








NT TEMPERATURE (Tals 25°C 
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Fig.3 — Typical p-channel drain characteristics. 
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CD4013A Types 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted: 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges — 


CHARACTERISTIC 


Supply-Voltage Range 
(For Ta = Full Package 
Temperature Range) 


Data Setup Time 


Clock Pulse Width 
Clock Input 
Frequency 


Clock Rise or ho 
Time 





* (f more than one unit is cascaded in a parallel clocked operation, tpCL should 
be made less than or equal to the sum of the fixed propagation delay time at 
15 pF and the transition time of the output driving stage for the estimated 
capacitive load. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 28°C, tnput ty. t¢ = 20ns, 
C_ = 15 pF, Ry = 200 kQ 


LIMITS 


DEKH 
aad le Vpop jee | rt ve 


Propagation Delay Time: 
Clock to Q or O Outputs 


Set to Q or Reset to 
tPLH 

Set to O or Reset to Q 
tPHL 


Transition Time, 75 125 
‘THU: 'TLH 50 70 


Minimum Clock on 200 
Pulse Width, tw 


Maximum Clock ae - 
Frequency, 


Minimum Set or Reset 
Pulse Width, 


Minimum Data Setup 
Time, 
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AMBIENT TEMPERATURE (Ta) 25°C it 
TYPICAL TEMPERATURE COEFFICIENT FOR [p*-0.3% /#Cr- 
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Fig.4 — Minimum n-channel drain characteristics. 
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Fig.5 — Minimum p-channel drain characteristics. 
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Fig.6 — Typical propagation delay time vs. C;. 


AMBIENT TEMPERATURE (Ta)e25° 
fe err FoR 





: 
L 
= 
§ 
F 
z: 
F 
¥ 
3 
2 
5 
3 
5 
2 
H 
z 
= 














LOMO CAPACITANCE (C\)—pF 
92c$-19094 


Fig.7 — Typical transition time vs. CL- 











STATIC ELECTRICAL CHARACTERISTICS 


Limits at indicated Temperatures (°C) 


D, F, K, H Packages 
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Noise Immunity: 






Inputs Low, 











Noise Margin: 
Inputs Low, 
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Output Drive 
Current: 
N-Channel 
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IpP Min 
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Current, 
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Fig.10 — Noise immunity test circuit. 
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° SEQUENTIALLY, 

ss TO BOTH Vpp AND Vgg: 
CONNECT ALL UNUSED 
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Fig.11 — input leakage test circuit. 





0 Typ.; 0.05 Max. 
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Sco ST 495 in 





10 Typ. “9. 95 Min. 
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eee 1.5 Min. 
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9269-27408 


Fig.12 — Quiescent device-current test circuit. 
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Fig.8 — Typical maximum clock input 
frequency vs. Vpp 
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Fig.9 — Typical dissipation characteristics. 
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Fig. 


92C8- 36060 


13—Dynamic power dissipation test 
circuit. 
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CD4014A Types 


CMOS 8-Stage 
Static Shift Register 


Synchronous Parallel or 
Serial Input/Serial Output 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 













LIMITS 


Vpp | D,F,K,H E 


| Min. | Max. | Min. [ Max. | 
Supply-Voltage Range (For T,= Full 


Package-Temperature Range) Semmes 
TELE 
param ta ft Pet 
Sa 
See 





CHARACTERISTIC 





8 





* If more than one unit is cascaded t/CL should be made less than or equa! to the surn of the transition time and 
the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


STATIC ELECTRICAL CHARACTERISTICS 
Limits at Indicated | _Limits at indicated Temperatures(C) | | _Limits at indicated Temperatures(C) | c) 


D, F,K, a E Package 


vie Vo a6 
a ie hfe [ee eee 


Conditions 


Quiescent Device 
Current I vee -— 


Output Voltage: 
Low-Level, 
VoL 0 Typ.; 0.05 Max. 
High Level 4.95 Min.; 5 Typ. 
VOH 9.95 Min.; 10 Typ. 


Noise Immunity: 1.5 Min.; 2.25 Typ. 
Inputs Low, 


Vv 3 Min.; 4.5 Typ. 

Inputs High 1.5 Min.; 2.25 Typ. 

VNH 3 Min.; 4.5 Typ. 
Noise Margin: 

Inputs Low, 

VNML 

Inputs High, 

VNMH 
Output Drive 

Current: 

n-Channel 

(Sink), 

IDN Min. 


O Typ.; 0.05 Max. 


p-Channe! 
(Source): 


trim [os | | 10 lozsl ox 020 [016 012 [ose] 01 Jaoe 


Input Leakage Any Input 
Current, -— ]- |} 15 


Nee tH 


+1075 Typ.; +1 Max. 
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CD4014A 
FUNCTIONAL DIAGRAM 





The RCA-CD4014A types are 8-stage parallel- 
input/serial output registers having common 
CLOCK and PARALLEL/SERIAL CON- 
TROL INPUTS, a single SERIAL DATA 
INPUT, and individual parallel “JAM” IN- 
PUTS to each register stage. Each register 
stage is a D-type, master-slave flip-flop. In 
addition to an output from stage 8, ’’Q’’ out: 
puts are also available from stages 6 and 7. 
Parallel as well as serial entry is made into 
the register synchronous with the positive 
clock line transition and under control of 
the PARALLEL/SERIAL CONTROL input. 
When the PARALLEL/SERIAL CONTROL 
input is low, data is serially shifted into the 
8-stage register synchronously with the pos- 
itive transition of the clock line. When the 
PARALLEL/SERIAL CONTROL input is 
high, data is jammed into the 8-stage register 
via the paratlel input tines and synchronous 
with the positive transition of the clock line. 
Register expansion using multiple CD4014A 
packages is permitted. 


These types are supplied in 16-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


A PAR SER 
cl CONTROL iinahe 
eos 





X=DON‘TCARE CASE 4 = LEVEL CHANGE 
NC = NO CHANGE 
Fig. 1— Truth table. 











Features: 
= Medium speed operation. ....5 MHz (typ.) clock ™ Quiescent current specified to 15 V 

rate at Vpp — Vsg = 10 V ® Maximum input leakage current of 1 WA 
®@ Fully static operation at 15 V (full package-temperature range) 
@ 8 master-slave flip-flops plus output ® 1-V noise margin (full package-temper- 


buffering and control gating ature range) 
DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C, Input ty, te = 20 ns, Cy = 15 pF, 
R. = 200 kQ 


LIMITS 
TEST 
D,F,K,H E 
ye. Typ. 

















CHARACTERISTIC 






















Propagation Delay Time; 
'PLH PHL 


Transition Time; 
tTHL: 'TLH 


Maximum Clock Input 
Frequency, fo_ 





Minimum Clock Pulse 
Width, ty 


Clock Rise & Fall Time; 
t CL, teCL* 





Minimum Data Set Up 
Time, tg 






Average Input 
Capacitance, C, 


* if more than one unit is cascaded t.Ci. should be made less than or equal to the sum of the transition time and 
the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


PARALLEL 
INPUT - 1 PL.2 P13 Pl. 


PARALLEL 
SERIAL 
CONTROL 





SERIAL 
iNPUT 





CLOCK 













oh Lae 





ALL LOGIC INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 












TG * TRANSMISSION GATE iN 


TERMINAL NO. 16 = Yop 
TERMINAL NO. 8 = GND 









92SS-4152AS 


Or 
0-6 
Fig. 5 — Logic block diagram. 


CD4014A Types 


Applications: 

® Synchronous parallel input/serial output 
data queueing 

® Parallel to serial data conversion 

® General-purpose register 





70" [AMBIENT TEMPERATURE (Ta )«25°C 
ALTERNATING "O° 
ano “1” i iW 


f= 
t-—t 











POWER DISSIPATION/ PACKAGE (Pp)— » 








10 to? 0? 
INPUT CLOCK FREQUENCY (fey) — Kite 
9208-1790603 


Fig. 2 — Typical dissipation characteristics , 
























































































































































AMBIENT TEMPERATURE (Ty) © 25°C HHH 
LOAD CAPACITANCE (6, ) = IS pF tit 
J * 
t 
as 
3 Ht 
Es 
i 
ay 
3 rr) 18 20 


SUPPLY VOLTSIVO0) ——g2cs-is9er 


Fig. 3? — Typical clock input frequency 
vs. supply voltage . 






AMGIENT TEMPERATURE (Ta) #25 °C 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF Yog? 0.3 SEC 














LOAD CAPACITANCE (C,)—pF 
a2c8-17007 


Fig. 4 — Typical propagetion delay time 
vs. load capacitance. 


AMBIENT TEMPERATURE (Ty) « 25°C 


TYPICAL TEMPERATURE COEFFICIENT FOR 
Qj] ALL VALUES OF Vop "0.3% / 8% 





TRANSITION TIME Cry *tyin)— 








[) 0 20 » 40 80 oO 70 60 
LOAD CAPACITANCE (CL) — pF 
a2cs- 17008 


Fig. 6 — Typical transition time vs, load 
capacitance. 
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CD4015A Types 





CMOS Dual 4-Stage Static Shift Register 


With Serial Input/Parallel Output 


The RCA-CD4015A consists of two identical, 
independent, 4-stage  serial-input/parallel- 
output registers. Each register has indepen- 
dent CLOCK and RESET inputs as well as 
a single serial DATA input. “Q” outputs are 
available from each of the four stages on 
both registers. All register stages are D-type, 
master-slave flip-flops. The logic level pre- 


Resetting of all stages is accomplished by a 
high level on the reset line. Register expan- 
sion to 8 stages using one CD4015A package, 
or to more than 8 stages using additional 
CD4015A’'s is possible. 

These types are supplied in 16-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 16-lead dual-in-line plastic 


packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


sent at the DATA input is transferred into 
the first register stage and shifted over one 
stage at each positive-going clock transition, 


MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Teg) ata Sie gd aya Megdtag eee wa? tees ONG, Poe E -65 to +150°C 
OPERATING-TEMPERATURE RANGE (Tah: 
PACKAGE TYPES DF, KH 2. tee eee eens -§5 to +128°C 
PACKAGE TYPE Boe nent ner eben eee -40 to +85°C 
OC SUPPLY-VOLTAGE RANGE, (Vop) 
(Voltages referenced to Vgg Terminal), ©. eee -0.5 to +15 V 
POWER DISSIPATION PER PACK AGE (Pp) 


FOR Ta = -40 to + GO°C (PACKAGE TYPE E) 2... et 500 mw 
FOR T, = +60 to 485°C (PACKAGE TYPE E) ........ Derate Linearly at 12MW/°C to 200 mW 
FOR Ta = -55 to +100°C (PACKAGE TYPES D,F,K) ©. +e eee ee eee 500 mw 


FOR T, = +100 to +125°C (PACKAGE TYPES D,F,K) .. . erate Linearly at 12 mW/C to 200 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)... . 100 mW 
INPUT VOLTAGE RANGE, ALLINPUTS .. 0... ee es -0.5 to Von +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. .......--- +265°C 


RECOMMENDED OPERATING CONDITIONS at 7, = 28°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


LIMITS 


CHARACTERISTIC D, F,K,H 


PACKAGES 


Supply-Voltage Range (For Ta = Full 
Package-Temperature Range) 


Data Setup Time, tg 


Clock Pulse Width, tw 


Clock Input Frequency, fo, 


Clock Rise and Fall Time, t,CL, teCL” 


Clock Reset Pulse Width, ty 


*\f more than one unit is cascaded t;CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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2c5- 22040 


CD4015A 
FUNCTIONAL DIAGRAM 





Features: 

® Medium speed operation........... 0 
5 MHz (typ.) clock rate at Vop 
— Vgg = 10V 


@ Fully static operation 
® 8 master-slave flip-flops plus output 
buffering 


® Quiescent current specified to 15 V 

= Maximum input leakage current of 1 uA 
at 15 V (full package-temperature 
range) 

@ 14 noise margin (full package-tempera- 
ture range} 


Applications: 

© Serial-input/parallel-output data queueing 
= Serial to parallel data conversion 

® General-purpose register 


TRUTH TABLE 





A 


= LEVEL CHANGE 
X= DON'T CARE CASE 


Fig. 1 — Truth table. 


AMBIENT TEMPERATURE (T,) © 08°C 
LOAD CAPACITANCE (C, )* 6 af 


s 











wu 
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CLOCK INPUT FREQUENCY Uc) )—MH2 















































° $ ry 20 


10 
LY VOLTS(Vpg? 22cS-19067 


Fig. 2 — Typical clock input frequency 
vs. supply voltage. 























CD4015A Types 





STATIC ELECTRICAL CHARACTERISTICS 








AMBIENT TEMPERATURE (Ta) © 25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF Yp9=0.3%/°C 












LIMITS AT INDICATED TEMPERATURES (°C) 


CONDITIONS | bf, K, H PACKAGES 


v 
; YP. 
0 Typ.; 0.05 Max 
O Typ.; 0.05 Max 
Vv 
4.95 Min.; 5 Typ. 


9.95 Min.; 10 Typ. 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 
Vv 
1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 








CHARACTERISTICS 





























Quiescent Device 
Current, |, Max. 










PROPAGATION DELAY TIME (Upy.* tpiy)— ne 

















Output Voltage: 
Low Level, 


Vou 
High Level 
You 


Noise Immunity: 
Inputs Low, 


Ve 
Inputs High 
VNH 


Noise Margin: 
Inputs Low, 


VNML 
Inputs High, 
VNMH 


C) 0 2 30 40 S50 60 70 8O 
LOAD CAPACITANCE (C,)—pF 
excs-17807 





Fig. 3. — Typical propagation-delay time 
vs. load capacitance. 






















AMBIENT TEMPERATURE (T,) © 25°C 


TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF Voy "0.3% / °C 
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TRANSITION TIME (ry * ty iy) — 


le 


S 
8 
olo 
3|8 
Colo 
3/8 
¢ ° 
3 













OutputDrive | | | | == =| ¢ JY) yd JT |. | | | | FRERERRRRRRRRRE TESS rtf: 
Current: 7 10 -20~««30~ 40°~«50. 60 70 ‘Bo 
N-Channel LOAD CAPACITANCE (c,) — pF 
(Sink) 92¢5- 17808 






IpN Min. Fig. 4 — Typical transition time vs 


load capacitance. 





P-Channel 
(Source}: 


IpP Min. 










ie [ele defeat eles tt dp ppd jee] 
<¢c 
~9o 










o 
u 





10° [AMBIENT TEMPERATURE (T,)+25°C 
ALTERNATING "O* 
AND “1” PATTERN 










Input Leakage 
Current, 


Any Input 












~]}- Ji £1075 Typ., £1 Max. 









Yee 








POWER DISSIPATION/ PACKAGE [Pp)——»W™ 





10 Z 0 
INPUT CLOCK FREQUENCY IIc.) — Wit 
92¢5-17806R3 


Fig. 5 - Typical dissipation characteristics. 











TERRINAL NO. 16 + Yoo, 
TERMINAL WO 6 + GND 





*aLL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


928S-4195R3, 


Fig. 6 — Logic diagram. 
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CD4015A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 
at Tq = 25°C, Input ty, t= 20 ns, Cy = 18 pF, Ry = 200 kQ 


LIMITS 


BE 
>o 
a nn 

x: 
S| bx 

m= 
| : 
4 
i 
ba“ 

























Propagation Delay 
Time; 
TPLH: TPHL 





Transition Time; 
HL TLH 


Minimum Clock Pulse 
Width, ty 


Clock Rise & Fall 
Time; t,CL, t,CL” 


Minimum Data Set- 
up Time, tg 


~~ 
2 
~s EB 
a o 


~ 
a 





Maximum Clock 
Input Frequency, 





Minimum 
Reset Pulse Width 


w 


“If more than one unit is cascaded t,CL should be made less than or equal to the sum of the transition time and 
the fixed propagation delay of the output of the driving stage for the estimated capacitve load. 


= | 
~ g 
a So 





Nn 
a | 





Test performed with the following 
sequence of ‘1's’ and “0's” 








Si 82.83 
Test 0 1 0 
Don't Test 0 i¢) 1 
Don't Test 1 0 1 
Don't Test 0 0 o 
Don't Test 1 0 i) 
Don't Test 0 cH) 1 
Test 1 is} 1 
Don't Test 0 0 0 
g2C5 17909 Test 1 QO oO 


Fig. 9 — Quiescent-device-current 
test circuit. 


Yoo 
PUTS: OUTPUTS: 
« 
Yop" Yun 
Noe £ 
‘oO 
Va 4 
NOTE: 
Vss TEST ANY COMBINATION 
OF INPUTS, 


g2cs-27441 


Fig. 7 — Noise-immunity test circuit. 


Yoo 


INPUTS 
Yoo NOTE 
MEASURE INPUTS 
° © SEQUENTIALLY, 
Vss TO BOTH Vop AND Vag 


CONNECT ALL UNUSED 
INPUTS TO EITHER 


Vop OF Veg 


928. 27002 


Fig. 8 — Input-leakage-current test 
circuit, 


TERMINAL DIAGRAM 
Top View 


Yoo 
DATA & 
RESET 6 
o18 
QeB 
aaa 
O4a 
CLOCK A 


2 
3 
4 
s 
6 
= 
a 





9208-24457 
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CMOS Quad 
Bilateral Switch 


For Transmission or Multiplexing 
of Analog or Digital Signals 


The RCA-CD4016A Series types are quad 
bilateral switches intended for the trans- 
mission or multiplexing of analog or digital 
signals, Each of the four independent bi- 
lateral switches has a single control signal 
input which simultaneously biases both the 
p and n device in a given switch ON or OFF. 
These types are supplied in 14-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 


Features: 
@ 15-V digital or + 7.5-V peak-to-peak switching 


@ 280-2 typical ON resistance for 15-V operation 


& Switch ON resistance matched to within 10 2 
typ. over 15-V signal-input range 

@ High ON/OFF output-voltage ratio: 
65 dB typ. @ fj, = 10 kHz, RL = 10 kQ 


RECOMMENDED OPERATING CONDITIONS 


@ High degree of linearity: <0.5% distortion 
typ. @ fis = 1 KHz, Vis = 5 Vp-p, 
Vpp-Vss > 10 V, RL = 10 kQ 

® Extremely low OFF switch leakage resuit- 
ing in very low offset current and high ef- 
fective OFF resistance: 

100 pA typ. @ Vpp—Vsgs = 10 V, Ta = 25°C 

@ Extremely high control input impedance 
(control circuit isolated from signal circuit: 
1012 2 typ. 

® Low crosstalk between switches: 

—50 dB typ. @ fis = 0.9 MHz, RU = 1kQ 
® Matched control-input to signa!-output 
Capacitance: 
Reduces output signal transients 
@ Frequency response, switch ON = 40 MHz 
(typ.) 

® Quiescent current specified to 15 V 

8 Maximum input leakage current of 1 uA 
at 15 V (full package-temperature range) 


Applications: 

@ Analog signal switching/multiplexing 
Signal gating ® Modulator 
Squelch control @ Demodulator 
Chopper ® Commutating switch 


For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following range: 


CHARACTERISTIC 


Supply Voltage Range {For Tq = Full Package 
Temperature Range) 











CHARAC.- 
TERISTIC* 


SUPPLY 
CONDITIONS 


LOAD 
CONDITIONS 





























Ronlmax ) 








17.5 
eee 
Ron(max.) 550 0.25 


pow [oe = PE 


Ron(max. 

















Ron 125 
Ronimax )) +25 


* Variation froma perfect switch, Ron = 02. 





CD4016A Types 


IN/OUT 
S16 0 


OUT/IN 





92E5 21627 


FUNCTIONAL DIAGRAM 





CD40I6A 





Fig. 1—Schematic diagram — 1 of 4 
identical sections. 
= Digital signal switching/multiplexing 
® CMOS logic implementation 
® Analog-to-digital & digital-to- 
analog conversion 
" Digital control of frequency, impedance , 
phase, and analog-signal gain 












SUPPLY VOLTS: Von +18; Vgg #0 
AMBIENT TEMPERATURE (14) » 28°C 
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& is Vie 
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25 Siete 0 Headed (9 
istsiiesy %e"%bo LC 
Vos 
+ & 
° 25 5 TS 0 12.5 ss 


INPUT SIGNAL VOLTS (vig) 
92¢8-1 7880 
Fig.2 — Typ. “ON characteristics for 1 of 4 
switches with Von = +15 V, Vos = OV. 














SUPPLY VOLTS: Vpp* +10; ‘srs 
AMBIENT TEMP! ease 
























































OUTPUT SIGNAL VOLTS (Vpg) 
































ry 10 
INPUT SIGNAL VOLTS (Vigt 





9205-17033 


Fig.3 — Typ. “ON” characteristics for 1 of 4 
switches with Vpp = +10 V, Vsg =O V. 
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CD4016A Types 


ELECTRICAL CHARACTERISTICS (All inputs. . . . 
Recommended DC Supply Voltage (Vpp—Vss)}. .3 to 15 V) 


Characteristic 


Quiescent Device 
Current, IL max 
(Atl switches ON 
or all Switches 
OFF) 

D,F,H Pkgs: 


EY Pkgs. 


Test Conditions 


All Voltage Values 
are in Volts 


Values at -55°C, +25° 


aa 
ay 
Px 


2 


an 
as 
| 0.25 | 
PT 2 


Signal Inputs (Vis) and Output: 


ON Resistance, 
RON 


AON Resistance 
Between Any 
2 of 4 Switches 


ARON 


Sine Wave 
Response 
(Distortion) 


Frequency Response 


Switch ON 
(Sine-Wave 
Input) 


Feedthrough 
Switch OFF 


Input or Output 
Leakage Current 
Switch OFF 
(Effective OFF 
Resistance} 
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ites p/Max 
20/360 |130/370 


[120/360 [130/370 
5 160/790 
130/600 ]150/610 
[130/600 [150/610 
[325/1870[370/1900 
| +15 120/360 [130/370 
[120/360 [130/370 
[180/775 | 


50/775 }180/790 


130/600 }150/610 
5 |130/600 {150/610 


/18701350/1900 


PJ 
8 
o 
Qin 
18 
° 


20 logr og? - 
-50 aB"® 


Values at ~490°C_ +259C, +85°C Apply to E 


Vss< Vi< Vpp) 


Limits 
C, +125°C Apply to D, F, K, H Packages 
Package 


ie F 
° 

STON 

REE 


iS) 


| 0.01 | 
| 0.01 | 
Pd 
| = | os | 
as 





i 


Typ/Max | Typ/Ma: 


260/520 | 300/600 200 
260/520 } 300/600 200 


400/1080] 470/1230 280 


400/960 | 250 
400/960 
2 

300/600 
300/600 
490/1 

400/960 


750/2380| 880/2600 


nN 
g 
o 


8 
g 


200 


N 
o 
oO 


o 
> 


N nN 

aI 00 @ 
SIBIa(R a 
S)s|Ss|o ro) 


1,25 


mae 











SUPPLY VOLTS : Vpp* +5; Vgg*0 
AMBIENT TEMPERATURE (Tq) © 25°C 
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INPUT SIGNAL VOLTS (Vig) 
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4g 


OUTPUT SIGNAL VOLTS {Vos} 








9208-17034 
Fig. 4 — Typ. “ON” characteristics for 1 of 4 
switches with Vpp = +8 V, Vgg = 0 V. 












SUPPLY VOLTS: gg °+75; Vgg *~7! 
AMBIENT TEMPERATURE (T,1625°C 



























































OUTPUT SIGNAL VOLTS {Vog) 
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-7$ -5 -25 ° 25 5 75 
INPUT SIGNAL VOLTS [¥js) 
9208-17035 


Fig.5 — Typ. “ON” characteristics for 7 of 4 
switches with Vpp = +7.8 V, Vgg=-7.5 V. 
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AMBIENT TEMPERATURE (Tq1*25°C 





o 
















* 








. 























° 




















nN 











OUTPUT SIGNAL VOLTS (Vog) 
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92cs-17036 


Fig.6 — Typ. “ON” characteristics for 1 of 4 
switches with Vpp = +8 V, Vsg =-5 V. 









































SUPPLY VOLTS: Vop * + 25V, Vgg = -2.5V 
AMBIENT TEMPERATURE (Ta) * 25°C 
3 
3, y 
: no forttitt 
3 Ax totes 
i) * 
i ° Stet 
EPEAT 
2 Vis 
3 hat | 
= me oN Ip 
-2 LVe"%o0 es 
o ¢ voti =. AL al 
“3-2-0 tf @ 38 


INPUT SIGNAL VOLTS (Vig? aiceinens 


Fig.7 — Typ. “ON” characteristics for 1 of 4 
switches with Vpp = +2.5 V, Vgg =-2.5 V. 














ELECTRICAL CHARACTERISTICS 


Crosstalk Between 
Any 2 0f 4 
Switches 
(f = —50 dB) 


Propagation 

Delay (Signal 

Input to 

Signal Output) tpg 


Capacitance: 
Input,Cis 
Gutput,Cog 
Feedthrough, Cjos 


Control {V_)t 


(Cont'd) 


Recommended DC Supply Voltage (Vpp—Vss). .3 to 15 V) 


Test Conditions 


VclA}=Vpp=t5 
Vc(B)=Vsg2~5 
Vig(A) = 5 p-p 


CD4016A Types 





Vss < ViS Vpp) 




















[| Tye. _| Max. | 





+1269 











OUTPUT SIGNAL VOLTS (Vest 



































4 “2 Oo 2 4 6 
INPUT SIGNAL VOLTS (Vig) 
9205-16072 
Fig.8 — Typ. “ON” characteristics as a function of 
temp. for 1 of 4 switches with Vop = +5 V, 
Vgs = -5 V. 


oF 
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RUPPLY VOLTS “Vop=7 5, Veg--5 

CONTROL VOLTS {V¢)=-$ 

WNPUT SIGNAL VOLTS {V,g)*5 Vp-p SINE WAVE (17? RMS) 
LOAD CAPACITANCE (CL)*CriIn TURE *CMETER*2.342.5*489F 
FIXTURE AND METER NULLEO OUT 
OS urruRe! OB oF 
: gears 1 
2 Se mau 






7 tee} 37 





a 
ATTENUATION (ab} 





Input Leakage 
Currently max 
Crosstalk 
(Control Input 
to Signal Output) 


VisSVDD +107 


Switch Threshold 
Voltage, VTH 





poe 
Vco=10 
(See Fig.25) 
ty, tf=20 ns 
CL=15 pF 
RL= TkQ 
Vpo=10, 
Vss=GND 
Ru-1 k&2, 
CL #15 pF 
Vec=10(Sq.Wave) 
tr,te  20ns 


Turn-On 
Propagation Delay, 
tp de 


Maximum 
Allowable Control 
Input Repetition 
Rate 


* Limit determined by minimum feasible Jeakage current measurement for automatic testing. 


4 Symmetrical about 0 volts. 
® For all test conditions. 


t aul controt inputs protected by COS/MOS protection network. 





SUPPLY VOLTS: Vag" +5, vss*-5 RE VOLIMETER 
INPUT SIGNAL VOLTS (Vie) 5 Vp-p -4e BOONTON fad! 
cr 1 MODEL 9/-CA 


SINE WAVE (1.77 AMS) H 
CONTROL VOLTS (Vg1=+5, : 


ip-le! 
J# LOAD CAPACITANCE® (Cex *CuMeTERM Pot Vos 
2342 5-40 pF 
Va wit 1 ARMS} 
RECT 
Noo 





























%c*%pp 
ew It i ‘| Valet 
z? LOAD RESISTANCE (A) ima T 
ds 308 
Ze. f Jona POINTS, 
gz soon, 
ea 
Par 14 
2g 
3 
2 [ 

Or « ' fe 0 + © B09 


INPUT SIGNAL FREQUENCY (tg) Mit 
S2¢5-16070 
Fig.11 — Typical switch frequency response 
— switch “ON”. 


VisSVDD.lis= 10HA] 0.7min 0.2min 0.5min 
Vop-Vss*15,10,5) 2,.9max 2.4max | 1.5 





OUTPUT SIGNAL RMS MILLIVOLTS (¥p5) 





5 typ; +1 max. 

















+e 
10? 
(NPUT SIGNAL FREQUENCY (fig) KHE 


92C$-16079 


Fig.9 — Typ. feedthru vs. frequency — switch 
“OFF”, 








SUPPLY VOLTS: Von" +5; Vag*-S 

INPUT SIONAL VOLTS [Vi)> $ Vp.p SINE WAVE (177 AMS) 
SOP FIXTURE AND METER NULLEO OUT 
Met tiie tt 


VoVon 


Kom 
OY Van rg 
Ka L mn 


-T ¥ y RE al rr 
c'¥SS BOONTON RADIO 








OUTPUT SIGNAL RMS MILLIVOLTS (V¥gq) 









































Vou (B) 
ed 
4 wen a 
; ga [may HAs 
2 OF 4 SWITCHES 
L ba + 
wo! t 10 we ws? * Sioa 
INPUT SIGNAL FREQUENCY {UI— bh 
92¢8-16080 


Fig.10 — Typical crosstalk between switch 
circuits in the same package. 





ALL UNUSED TERMINALS ARI 
ALL UNUSED Ms nred CONNECTED TO Vgg . 
ARE CONNECT 92cs-2760 
szca-27610 : Bt 
Fig.12 — “OFF” switch input or output Fig.13 — Test circuit tor square-wave 


leakage current test circuit. Wesporise: 
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SCALE: X= 0.2mw/DIV Y= 2.0 V/DIV 
VoD = VG #7.5V, Vsg = -7.8V, AL = 10K9 
CL* 15p 

fig 1 KHz Vis= 5Vpp 

DISTORTION = 0.2% 


92CS-27612 


Fig.14 — Typical sine wave response of Vpp = 


Fig. 
47.5 V, Vsg=—-7.5 V. 











SCALE: X=O.2ms/DIV Y¥>20V/DIV 
Vpb > Vo * +2.5V. Vsg = -2.5V, AL = 10K 
CL 15 pF 

fig= 1 KHz Vig = 5Vpp 

DISTORTION= 3 % 


SCALE. X= 100s Div 


Y 50V DIV 
92CS-27615 


92cS~ 27614 ; 
Fig. 16 — Typical square wave response at 
15 — Typical sine wave response of Vpp = Voo = Vo = +15 V, Vsg = Gad. 


+25 V, Vsg = -2.5 V. 





ve 
+10 Ve Vpp * +10 Bae 
° Vos WITH TEST UNIT 
tyttg220n8 (1 SWITCH OF CO4016A mete 
PLUGGED IN TEST 
FIXTURE) 
Vos FIXTURE ALONE Pa 
{NO UNIT TERM 
SCALE X= 100 ne OIV 5 TO 3 OF SOCKET) We ABV PERO 
Y-2V01V ALL UNUSED TERMINALS ARE vos. 2 2y. PER OLY 
92CS- 27617 CONNECTED TO Vsg ; : 


Fig.17 — Typical square wave response at Vop 
= Vo = +5 V, Vgs = Gnd. 





92¢5-27608 


fa) 


Fig.18 — Crosstalk-control input to signal output. 


REP 
RnR. 


92CS- 27618 


{b) 


vo 
tet tye2One 





Ye 03 
Yoo 
+10 ° 016A 
torte" 20ns ZT) IlOpA 
Vis *¥D0 

92cs-27621 

ALL UNUSED TERMINALS SWITCH THRESHOLD VOLTAGE IS DEFINED 

fe ere Foe Sere Greece kt ciate 

beri td ALL UNUSED TERMINALS ARE 


CONNECTED TO Vg 


Fig.19 — Propagation delay time signal input 
(Vig) to signal output (Vos). 


MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (T stg) 
OPERATING- TEMPERATURE RANGE (Ta} 

PACKAGE TYPES D, F, K, H 

PACKAGE TYPE E AuShgs & BBA 
DC SUPPLY-VOLTAGE RANGE, (Vp) 

(Voltages referenced to Vgg Terminal). ............. 
POWER DISSIPATION PER PACKAGE (Po) 

FOR T,= —40 to +60°C (PACKAGE TYPE E) 

FOR Tat +60 to +85°C (PACKAGE TYPE E} 

FOR T, = -55 to +100°CG (PACKAGE TYPES D, F, K) 

FOR T, = +100 to +125°C (PACKAGE TYPES D, F, K)} 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta= FULL PACK AGE-TEMPERATURE RANGE 


INPUT VOLTAGE RANGE, ALL INPUTS 
LEAD TEMPERATURE (DURING SOLDERING) 


At distance 1/16 + 1/32 inch (159 + 0.79 mm) from case for 10 s max 
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10 pA OF TRANSMISSION GATE CURRENT. 
9265-27620 


Fig.20 — Max. allowable control-input 


repetition rate. Fig.21— Switch threshold voltage. 


—65 to +150°C 


--55 to +125°C 
—40 to +85°C 


MEASURED ON BOONTON CAPACITANCE 
BRIDGE MODEL 754 (1 MHz) 


SURES so Su Me op tata N Ske 4 —0.5 to +15 V 
Led 500 mw 
Derate Linearly at 12 mW/°C to 200 mw 
P 500 mw 
Derate Linearly at 12 mW/°C to 200 mw 





ALL UNUSED TERMINALS 
ARE CONNECTED TO Vg 


e2cs- 27622 


(ALL PACKAGE TYPES) 100 mw 


-05 to Vpp +05 V Fig.22 ~ Capacitance Cog and Cos. 


+265°C 














CMOS Decade 
Counter/Divider 


Pius 10 Decoded Decimai Outputs 


The RCA-CD4017A consists of a 5-stage 
Johnson decade counter and an output de- 
coder which converts the Johnson binary 
code to a decimal number. Inputs include a 
CLOCK, a RESET, and a CLOCK INHIBIT 
signal. 


The decade counter is advanced one count at 
the positive clock signal transition if the 
CLOCK INHIBIT signal is low. Counter ad- 
vancement via the clock line is inhibited 
when the clock INHIBIT signal is high. A 
high reset signal clears the decade counter to 


its zero count. Use of the Johnson decade 
counter configuration permits high speed 
operation, 2-input decimal decode gating, 
and spike-free decoded outputs. Anti-lock 
gating is provided, thus assuring proper 
counting sequence. The 10 decoded outputs 
are normally low and go high only at their 
respective decimal time slot. Each decoded 
output remains high for one full clock cycle. 
A CARRY-OUT (CouT) signal completes 
one cycle every 10 clock input cycles and is 
used to clock the succeeding decade directly 
in a multi-decade counting chain. 

These types are supplied in 16-lead her- 
metic dual-in-line ceramic packages (D and 
F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 


packages (K suffix), and in chip form (H 
suffix). 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T stg) 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 
DC SUPPLY-VOLTAGE RANGE (Vop) 
(Voltages referenced to Vgg Terminal) 
POWER DISSIPATION PER PACKAGE (Pp): 
FOR Ta = -40 to +60°C (PACKAGE TYPE E) 


FOR Ta = +60 to +85°C (PACKAGE TYPE €&) 

FOR T, = -55 to +100°C (PACKAGE TYPES D, F, K) 

FOR T, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 


INPUT VOLTAGE RANGE, ALL INPUTS 


LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max... 0.2.0.2. 2008 


-€5 to +150°C 


55 to +126°C 
40 to + 85°C 


500 mw 


aN aitoRG Raa, DO ae tlanddta ek A Ea ot aes 500 mw 
. Derate Linearly at 12 mW/C to 200 mw 


100 mw 








ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


Yoo 





TERMIMAL HO 6+ GHO + ¥55 
TERMINAL HO. 16 © Yo9 





Yss 


 ssseusme 


Fig. 1 — Logic diagram. 


CD4017A Types 
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RESET: 
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92CS-25072R2 


CD4017A 
FUNCTIONAL DIAGRAM 





Features: 


® Synchronous decade counter plus 10 de- 
coded outputs 

8 Fully static operation 

= Medium speed operation. . 


...5 MHz (typ.) at Vpp — Vss = 10 V 


Quiescent current specified to 15 V 
Maximum input leakage current of 1 uA 


at 15 V (full package-temperature range 


range) 
® 1-V noise margin (full package-tempera- 
ture range) 


Applications: 


= Decade counter/decimal decode display 
B Frequency division 
®8 Counter control/timers 
® Divide by N counting 
N = 2 — 10 with one CD4017A and one 
one CD4001A 
N > 10 with multiple CD4017A’s 
= For further application information, see 
ICAN-6166 “CMOS MSI Counter 
and Register Design & Applications” 


cock PULL LAP 
RESET \ ee 
exock IMB 


cheat rs Cn cone 


Fig. 2— Timing diagram. 


42581180R 
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CD4017A 


Types 


STATIC ELECTRICAL CHARACTERISTICS 










CHARACTERISTICS 






Quiescent Device 
Current, I, Max. 


Output Voltage: 
Low-Level, 


Vou. 









INPUTS, 








O Typ.; 0.05 Max. 





O Typ.; 0.05 Max. 













High Level 


4.95 Min.; 5 Typ. 











9.95 Min.; 10 Typ. 








Noise Immunity: 




















1.5 Min.; 2.25 Typ. 





3 Min.; 4.5 Typ. 





































Min 


P-Channel (Source) 


Decoded 
Outputs 



















Inputs High 1.5 Min.; 2.25 Typ. 
VNH 3 Min.; 4.5 Typ. 
Noise Margin 6 1 Min. ~| 
inputs Low 
Vn iM 9 ~ 10 1 Min , 
Inputs High, mh O5 | - L 5 1 Min. Vig 
VNMH 1 - | 10 1 Mi 
5 +— us ——— INPUTS, 
utput Drive EN 
Current: 007 “NH 
N-Channel (Sink) Vnt 
NL 
Oecoded 
IpN Outputs a 


mA 





























Input Leakage 
Current, 


“te NH 




















508 


+105 Typ., +t Max. 











Cour 
FOR N ®6 
42 CLOCK : 


ALTERNATE Coy 











FORN= 270 10 
f+ CLOCK : 


92S8-4537R1 


Fig. 12 — Divide by N counter (N & 10) with N 


decoded outputs. 





When the Nth decoded output is reached 
{Nth clock pulse) the S-R flip flop (con- 
structed from two NOR gates of the 
CD4001A) generates a reset pulse which 
clears the CD4017A to its zero count. At 
this time, if the Nth decoded output is 
greater than or equal to 6, the CouT line 
goes high to clock the next CO4017A 
counter section. The “0” decoded output 
also goes high at this time. Coincidence of 
the clock low and decoded “0” output low 
resets the S-R flip flop to enable the 
CD4017A. If the Nth decoded output is 
less than 6, the COUT line will not go high 
and, therefore, cannot be used. In this case 
“0” decoded output may be used to perform 
the clocking function for the next counter. 


Ybo 


NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO GOTH Vp AND Vgg: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Voo OF Veg: 


e2c3- 27402 


Fig. 10 — Input-leakage-current test circuit. 


OUTPUTS 


¢ 
NOTE: 
TEST ANY aaa 


OF INPUT: 
S2C3-2 7441 


Fig. 11 — Noise-immunity test circuit. 
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RECOMMENDED OPERATING CONDITIONS at 7,4 = 25°C, Except as Noted. f [AMamnENT TEMPERATURE Uy) = 23°C, ane 

For maximum reliability, nominal operating conditions should be selected so that { peoofALt_wALues OF ¥pp * 0.3% /*C 

operation is always within the following ranges: : 
Foc 

LIMITS : SUPPLY VOLTS (pp) * 3 ag + 
: 
CHARACTERISTIC D,F,K,H a 
PACKAGES Ht 











10 20 » a0 Eo Cr) toy 80 
LOAD CAPACITANCE te) — pF 
9205-17026 
Supply Voltage Range (For Ta=Fult 
Package-T emperature R ange} ; Fig. 3 — Typical propagation delay time vs. 
Cx for decoded outputs. 





Clock inhibit 
Setup Time, ts 





| 


AMBIENT TEMPERATURE (T,)* 25°C 
TYPICAL TEMPERATURE FOR ALL 
600! VALUES OF Von + 0.3%/9C 


ref 


Clock Pulse Width, tw 















































































































































i 

: 500 
Clock Input Frequency, foL é co : 

3 

yj 300 
Clock Rise or Fall Time, t-CL, tC ; seo ttt iH 

5 i 

H 100 
Reset Pulse Width, tw ap cased nasaesoscosccussuaarcaaataataes 

LOAD CAPACITANCE (C.) — pF 
92C$-17827 

Reset Removal Time Fig. 4 — Typical propagation delay time vs. Cy, 


for carry output. 



















































































































































































































































































AMGIENT TEMPERATURE (Ty) = 25°C TEMPERATURE (T 4) * 25°C fe aaTE UTA) 73S 
TYPICAL TEMPERATURE COEFFICIENT FOR AMBIENT TEMPE i 
B1S00]) ALL VALUES OF Vog 90.3 %/9C 300 |ron a cee ae: heres CAPACITANCE (6, ) «1S 
{ é F 
3 1 : i 
fy F 3 
z 7 2 
ed 7 ss 
i cs wed. 
‘" <> 
3 : oe ! 
i 800 B 100 ; : 
H i B : 
Ie \e 3 
9° 10 20 30 40 50 60 70 60 
LOAD CAPACITANCE (Clim oF LOAD CAPACITANCE (CL d— pF S 
ee meester SPPLY YOLTSWVoo! arcane 
Fig. 5 — Typical transition time vs. C, for Fig. 6 — Typical transition time vs. Cy for : F ; 
decoded outputs. carry output. Fig. 7 — Typical clock input frequency vs. Vpp. 

Ll Test performed with the following 
1 sequence of ‘1's and O's" at each switch. 
ae 
é 
ry S81 S82 S83 S; S82. S83 
= 1 1 1 0 1 to) 
FI o 0 0 9 t) 0 
z= o 1 0 1) 1 0 
; o o o i) Qo 0 

° 1 Lv Ley 1 oO 
z 0 Q ° i) 0 0 
H ° 1 ° 

1 oe 0 wt 9209-17 9118: 


10 
INPUT CLOCK FREQUENCY tfc.) — ane 


bata Fig. 9 — Quiescent device current test circuit. 


Fig. 8 — Typical dissipation characteristics. 
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CD4017A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At Ty = 25°C, Input t,t, = 20 ns, Cy = 15 pF, Ry = 200k2 











































































































q 
TEST 
CHARACTERISTIC | CONDITIONS D,F,K,H UNITS 
PACKAGES 
Voo 
CLOCKED OPERATION 
Propagation Delay 
Time; tPHL 'PLH 
5 a 350 1000 = 350 1300 
Carry Out Line 
10 - 125 250 - 125 300 
—t ns 
5 - 500 1200 - 500 1600 
Decode Out Lines -4+— 
10 =) 200 400 - 200 500 
he + ee 
Transition Time; 
tTHL. tTLH 
5 - 100 300 - 100 350 
Carry Out Line + + + 
1 - 50 150 - 200 
k al | | so] 200 | 
5 - 300 900 - 300 1200 
Decode Out Lines 
10 - 125 350 > 125 450 
te r 2 
Maximum Clock Input i 5 1 25 pe = 0.6 5 ~ MHz 
Frequency, fei" 10 3 5 = 2 5 “a 
TT Te 
Minimum Clock Pulse 5 5/200 EE BO08 | cscs 200s BIO) og 
Width, ty 10 - [roo | 170 | - | 100 | 260 
rf Je 5 earl We 
Clock Rise & Fall Time; es eae a Lead enced be an 
tL, tCL 10 Fale of] - [- 15 
~ 4—- 

Minimum Clock Inhibit 5 [UES [800 3h | A Bin nea a 
Set-Up Time, t, 10 _ 15 200 es | 75 300 
Average Input 2 < ae 5 = F 
Capacitance, Cy Any Input L 5 p 

RESET OPERATION 
Propagation Delay 
Time; TPHL 
5 - 350 1000 - 350 
To Carry Out Line 
10 
5 
To Decode Out Lines 
10 
Minimum Reset Pulse 5 
Width, tw 10 
Minimum Reset Removal fs | = [aco [750 | = [300 | 1000 | 
ie fe [= foe ae [= fo | 
Laws 








“Measured with respect to carry output tine 
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CMOS Presettable Divide-By-‘N’ Counter 


The RCA-CD4018A types consist of 5 
Johnson-Counter stages, buffered Q outputs 
from each stage, and counter preset contro! 
gating. CLOCK, RESET, DATA, PRESET 
ENABLE, and 5 individual JAM inputs are 
provided. Divide by 10, 8, 6, 4, or 2 counter 
configurations, can be implemented by 
feeding the Q5, Q4, Q3, Q2, Q1 signals, 
respectively, back to the DATA input. 
Divide-by-9, 7, 5, or 3 counter configura- 
tions can be implemented by the use of a 
CD4011A gate package to properly gate the 
feedback connection to the DATA input. 
Divide-by functions greater than 10 can be 
achieved by use of multiple CD4018A 


units. The counter is advanced one count at 
the positive clock-signal transition. A high 
RESET signal clears the counter to an all- 
Zero condition. A high PRESET-ENABLE 
signal allows information on the JAM inputs 
to preset the counter. Anti-lock gating is 
Provided to assure the proper counting 
sequence. 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat package * 
(K suffix), and in chip form (H suffix). 











TERMINAL NO. 16 = Yop 
TERMINAL NO. 8 + GND 


¥ALL INPUTS ARE 
PROTECTED BY y 
COS/MOS PROTECTION 
NETWORK sO 


Vss 





SIM AIRS 


Fig. 1 — Logic diagram. 


(“DATA" INPUT TIED TO Qs FOR DECADE COUNTER CONFIGURATION) 


CLOCK 
RESET 
PRESET 
Jomy 
Jom 
Jam3 
Jomg 


Joms, 
a 





























Fig. 2 — Timing diagram. 
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CD4018A Types 
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o 
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vacs-23076 


CD4018A 
FUNCTIONAL DIAGRAM 





Features: 


@ Medium speed operation . ... 5 MHz (typ.) 
at Vnp — Vsg = 10 V 

@ Fully static operation 

@ Quiescent current specified to 15 V 

® Maximum input leakage current of 1 WA 
at 15 V (full package-temperature range) 

® 1-V noise margin (full package-temper- 
ature range) 


Applications: 


@ Fixed and programmable divide-by-10, 
9, 8,7, 6, 5, 4, 3, 2 counters 

@ Fixed and programmable counters 
greater than 10 

@ Programmable decade counters 

B Divide-by-“N” counters/frequency 
synthesizers 

@ Frequency division 

@ Counter control/timers 


EXTERNAL CONNECTIONS FOR DIVIDE 
BY 10, 9 8, 7, 6, 5, 4,3 OPERATION 


DIVIDE BY 10 i} 

coe srs geese xsenet 
Ts 

DIVIDE 18-8 3s | *parat REQUIRED 

DIVIDE BY 4 


DIVIDE BY 2 a 


DIVIDE BY 9 
~ 12 c040NA 
Bet ' 
|___ CONNECTED BACK TO "DATA" 
! {SKIPS “ALL-('s" STATE) 
is | 1 
ec ee ce rare 
DIVIDE BY 7 
aE CONOR 
Os i 1 
t | CONNECTED BACK TO "DATA® 
+ (SKIPS “ALL- I's" STATE) 
i Lene ee 4 
DIVIDE BY 5 
aj APE COAOUALS = 
Cra ' 
: CONNECTED BACK TO “OATA* 
1 (SKIPS “ALL- Ps" STATE) 
at i 
ee ee ee. 4 
DIVIDE BY 3 
~— 172 Go4oila 
yt 1 
4 1. CONNECTED BACK TO “DATA* 
— ! (SKIPS “ALL-Ps* STATE) 
i art aan Ae is} 


92CS-tH7OTIRZ 
Fig. 3? — External connections for divide by 10, 
9, 8, 7, 6, 5, 4, 3, 2 operation. 
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CD4018A Types 


MAXIMUM RATINGS, Abdsolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tgig). 2. eee ~65 to +150°C 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPESD,F,KH 9... ee eee Be cat desta de —55 to +125°C 
PACKAGE TYPE EO 6... 2k cece erect ee enees —40 to +85°C 


POWER DISSIPATION PER PACKAGE (Pp} 
FOR Ta* —40 to +60°C (PACKAGE TYPE E) 
FOR T,= +60 to +85°C (PACKAGE TYPE E) é 
FOR T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
FOR T, = +100 to +125°C (PACKAGE TYPES D, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 








Derate Linearly at 12 mW/°C to 200 mW 
















FOR Ta= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)......... 100 mw 
INPUT VOLTAGE RANGE, ALL INPUTS.............. 0.0002 eeeeeee —0.5 to Vpp +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 £ 1/32 inch (1.59 $0.79 mm) from case for 10smax.........000000% +265°C 
DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input ty, te= 20 ns, 

CL= 15 pF, Ry = 200 k22 
LIMITS 
TEST 
D, F, K,H E 
ONDIT eee 
cHaracteRistic | CONDITIONS Packages Package UNITS 






Vpp 
oP [in [0.x in. 0. a. 








CLOCKED OPERATION 





Propagation Delay Time; 
*PLH: tPH L 
To Og Output 















To Other Outputs 


Transition Time; 
THLE TTLH 


To Os; Output 
To Other Outputs 















Maximum Clock Input 
Frequency, fo. 
Min. Clock Pulse Width, 


Clock Rise & Fall Time; 
tCL, teCL 


Min. Data tnput Set-Up 
Time, tg 


[ele siale/ |e [8 
fa] 88 | [alae 88 


= 
s 
a 
= 
~ 
a 


~ 
| [| 


Average Input 
Capacitance, Cy 


PRESET* OR RESET OPERATION 


Any tnput 


lef ef eTei fe] = | 













Propagation Delay Time: 
TPLH: CPHL 


= 
s 


~_ 
a 






To Og Output 


3 


To Other Outputs 






2 Ww 
aco 


Min. Preset or Reset 
Pulse Width 
tw 


Min. Preset or Reset 
Removal Time 


* At PRESET ENABLE OR JAM Inputs. 












~~ 
qi 
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AMMENT TEMPERATURE {T) © 25°C q 
2 TYPCAL TEMPERATURE COEFFICIENT FoR | 
| 1300[ALL VALUES OF Vpp * 0.3% /°C 
% 
- 
5 
<= 
8 
§ 


“ 
LOAD CAPACITANCE (C.) — pF 
92c8- 17826 


Fig. 4 — Typical propagation delay time vs. 
load capacitance for decoded outputs. 


| 


AMBIENT TEMPERATURE (T,)= 28°C 
TYPICAL TEMPERATURE FOR ALL 
VALUES OF Vop * 0.3%/*C 








8 








g 






































2 

a 

= 

5 

a 

2 a) 

i a x8, WY y 

FA soo FHT Nou 

2 ot 

% 300 

Fa 1 

% 200 e322 10 
= t 

i 18 
































10 20 »” 40 0 60 70 80 


LOAD CAPACITANCE (C_) — pF 
9268-17027 


Fig. 5 — Typical propagation delay time vs. 
load capacitance for Qs output. 


AMBIENT TEMPERATURE (T,)*25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF Vp #0.3 %/°C 


rege? 
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TRANSITION TIME (Ltn trey) — 3 














° to 20 30 40 8% 70 80 


LOAD CAPACITANCE (C\)—eF 
9205-17828 


Fig. 6 — Typical transition time vs. load 
capacitance for decoded outputs. 





ENT TEMPERATURE (Ty) 28°cl |]! . 
PICAL TEMPERATURE COEFFICIENT] |.) 
300 }FOR ALL VALUES OF Vp9 10.3 %/9C 


in 





















































[7 FRANSITION TIME Tyg? tr 

















LOAD CAPACITANCE (C,}— pF 
ezcs-17e7eR 


Fig. 7 — Typical transition time vs, load 
capacitance for Ag output. 








CD4018A Types 


RECOMMENDED OPERATING CONDITIONS at T, = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 





LIMITS 


Vop | O,F,K,H E UNITS 
CHARACTERISTIC foi Peckages 


[| Min. | Max. | Min. | Max. | 
Supply-Voltage Range (For Ta = Full Vv 
Package-Temperature Range) 
- 500 700 
oo Se isisei 
' 500 830 
rae oo ~ to [imo | - [oo] - | | 







{ 
2 
i 
j 








‘Y VOLTS (Vo9) s2cs-i9067 
Fig. 8 ~ Typical maximum input clock 
frequency vs. supply voltage. 









































































































10° [AMBIENT TEMPERATURE (Ty) 25°C 
< INPUT 1,2 te 20 n8 
a 
eee ie ee: ‘cL felelaite ls |, 2 
r 0. = SY 
ror oe ae a ue Lae edie cee dens] a i Lee 
oS 
Preset or Reset Pulse 830 H ot 
Width, ty 8 
250 ; 6 
LORD CAPACITANCE iC. }*/30F, 
=~ = CL SOF 








‘ 10 102 o> 10% 
INPUT CLOCK FREQUENCY (tou) —kHP gacs-i7ezon) 


Fig. 9 — Typical dissipation characteristics 


‘ 750 1000 
Preset or Reset R tT 
pai ie apie e Hea eaeS 





Yoo 
UTS uteuTs 
STATIC ELECTRICAL CHARACTERISTICS Yoo" ¥ne ad 
0, Noe +, 
Limits at Indicated Temperatures (°C) ve, 4 
i) MOTTEST ANY COMBINATION 
(v) [(v) 9208-27441 Yss OF INPUTS 


Fig. 10 — Noise-immunity test circuit 


Quiescent Device 
Current 1_ Max. 





Output Voltage: 
Low Level, 


VoL 


0 Typ.; 0.05 Max. 


Test performed with 
0 Typ.; 0.05 Max. perfor w 








2 the following sequence 
High Level 4.95 Min.; 5 Typ. : of “1's and “O's” at 
VOH 9.95 Min.; 10 Typ. 5 each switch. 
Nie (anieys 1.5 Min.; 2.25 Typ. ; S1 S2 S3 Sq Ss Sg Sy 
inputs Low, 6 
VNL 3 Min,; 4.5 Typ. ot10e00g0gg 
Inputs High 1.5 Min.; 2.25 Typ. : i ; : ; : : 
VNH 3 Min.; 4.5 Typ. 01001 ; 0 
Noise Margin: = 0100101 
Inputs Low, 9608 93m 4 oottio 
VNML 
Inputs High, ; ; ‘ . ; 
VNMH 
Output Drive [ 9.08 [0.065 1000100 
Current: | 0.25 | Dente ee 
n-Channel 9000000606 


Fig. 11 — Quiescent-device-current teste circuit. 





Yoo 


INPUTS 





NOTE 


Yoo 
o-G) MEASURE INPUTS 
° SEQUENTIALLY, 
ss 











Input Leakage Any Input TO BOTH Von AND Vag: 
Current, = = 15 +1075 Typ., £1 Max. RPS TOEITHER 
lic. ly Max. Von OR V5 





vss 


92¢8- 27402 


Fig. 12 — Input-leakage-current test circuit. 
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CD4019A Types 
CMOS Quad AND/OR Select Gate 


The RCA-CD4019A types are comprised of 
four AND/OR select gate configurations, 
each consisting of two 2-input AND gates 
driving a single 2-input OR gate. Selection 
is accomplished by control bits Ka and Kp. 
In addition to selection of either channel A 
or channel B information, the control bits 
can be applied simultaneously to accomplish 
the logical A + B function. 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-tine plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


9205-25036 


CD4019A 
FUNCTIONAL DIAGRAM 


MAXIMUM RATINGS, Abso/u te-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tstg) Wb Lelssasar ge Wilh apres SAREE Sane AEE wet TP —65 to +150°C 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES DF, KH 0. ee tee 55 to +125°C 
: PACKAGE TYPE Eo... ec tec een eens —40 to +85°C 
; DC SUPPLY-VOLTAGE RANGE, (Vpp) 
( (Voltages referenced to Vgg Terminal): . 2... 2 ee -05 to +18 V 
POWER DISSIPATION PER PACKAGE (Pp) 
FOR Ta = —40 to 60°C (PACKAGE TYPE E) 0 eee ees 500 mw 
FOR Ta = 460 to +85°C (PACKAGE TYPEE) ...... Derate Linearty at 12 mW/°C to 200 mw 
FOR T, = -55 to +100°C (PACKAGE TYPESD,F,K) 6... eee ee nee 500 mw 


FOR Tq = +100 to +125°C (PACKAGE TYPES D, F, K) . . Derate Linearly at 12 mW/°C to 200 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)....... 100 mw 
INPUT VOLTAGE RANGE, ALLINPUTS .... 0.0... . eee eee eee eee —0.5 to Vpo +0.5 V 


LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 £ 1/32 inch (1.59 £0.79 mm) trom case for 10smax... ee ee eee +265 C 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following ranges: 
LIMITS 


Vv D, F, K,H 
CHARACTERISTIC DD ; 








Yss 


*ALL INPUTS ARE 
PROTECTEO BY 
COS/MOS PROTEC TION 
NETWORK Vgs 


92SS-4417R1 
Fig. 1 — Schematic diagram for 1 of 4 identical stages. 

















Features: 


@ Medium-speed operation ..... 
«++ tpHL = tp_p = 50 ns (typ.) at CL = 15 pF, 
Vop = 10 V 
Quiescent current specified to 15 V 
Maximum input leakage current of 1 UA 
at 15 V (full package-temperature range) 
® 1-V noise margin (full package-temper- 
ature range) 


Applications: 


@ AND-OR select gating 

® Shift-right/shift-left registers 

@ True/complement selection 

® AND/OR/Exclusive-OR selection 


300 | VALUES OF Vig * 0.3% °C 





oo 92¢8.17880 


Fig. 2 - Typical propagation delay time vs. 
Joed capacitance. 


AMBIENT TEMPERATURE (Tq) © 28°C 
TYPICAL TEMPERATURE COEFFICENT FOR ALL + 
VALUES OF Vig = 0.3% /*C 


EH § 


3 


TRANSITION THE (Uta = trun) me 














° 10 20 30 40 


so 660) 78 
LOAD CAPACITANCE (C,}— pF 


425-1789) 
Fig. 3 — Typicel transition time vs, load 


capacitance. 


AMBIENT TEMPERATURE (Ty) 25% - if 
LOAD CAPACITANCE (Cy)eiSpF (4th 








J 
I © 
$ 
; 
d 
i 








SUPPL ) 
¥ VOLTS po S2C8-17052 


Fig. 4 —Maximum propagation delay time vs. 
supply voltage. 
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STATIC ELECTRICAL CHARACTERISTCS 


| concvons | Limits at Indicated Temperatures (°C) 


D, F, K, H Packages 


Vo |Vin|Vpp Ty 
(v) }(v) | iv) 
Quiescent Device (- |-|s5 [5 | 


[0.03 | 
Current,ty Max{ — | — | 10 | 10 | 
|- |-|15 [so] 1 | 


Output Voltage: 
Low-Level, 
Vv 


4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 


Noise Immunity: 
Inputs Low, 


Inputs High 
VNH 


Noise Margin: 
Inputs Low, 
VNML 
Inputs High, 
VNMH 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


Output Drive 
Current: 
n-Channel 
(Sink) 

I DN Min. 


p-Channel 
(Source) : 
IpP Min. 


Input Leakage Any Input 
Current, — |- | 15 


Ihe HH 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 25°C, Input tr, te = 20 ns, CL = 15 pF, 


LIMITS 
TEST 


CHARACTERISTIC CONDITIONS 


Propagation Delay 
Time; 


TPLH, PHL 


Transition Time; 
'THL,'TLH 


Average Input 
Capacitance, C; 





Ri = 200 k2 





CD4019A Types 





[7 OS AMSENT TEMPERATURE (T,)-25°C 
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s 4 
z ote a 
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s 
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& rm —o +t 
Hy 
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SS] rr LOAD CAPACITANCE (Cy 15 pF 
ns i eee Rateateaied CL 'SOeF 
pO Ca ech 0S RT 
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3 4 


’ r 10 


10 
INPUT FREQUENCY (fg) kHz 
97cs-(re3zAr 
Fig. &§ — Typical dissipation characteristics, 
(per output}. 


INPUTS: 


Ve 
PACR- 87401 


Fig. 6 — Quiescent-device-current test circuit. 


INPUTS OUTPUTS 


Yoo" Ye 
sd “@ 
° 
VNU a 


NOTE. 
TEST ANY ONE INPUT, 
vss WITH OTHER INPUTS AT 
szcs-2rag0 YOO OR Vsg 


Fig. 7 — Noise-immunity test circuit. 


weuts 

Yoo NOTE: 

a @ MEASURE INPUTS 
° SEQUENTIALLY, 
Ves TO BOTH Vpg AND 


ss" 
CONNECT ALL UNUSED 
WPUTS TO EITHER 


Vo OF Vg. 


92¢8- 27002 


Fig. 8 — Input-leakage-current test circuit. 
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CD4020A Types 


CMOS 
14-Stage Ripple-Carry 
Binary Counter/Divider 


The RCA-CD4020 consists of a PULSE 
INPUT shaping circuit, RESET line driver 
circuitry, and 14 ripple-carry binary counter 
stages. Buffered outputs are externally avail- 
able from stages 1 and 4 through 14. The 





counter is reset to its all-zeroes state by a 
high levet on the RESET inverter input line. 
Each counter stage is a static master-slave 
flip-flop. The counter is advanced one count 
on the negative-going transition of each 
INPUT PULSE. 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat package. 
(K suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Teg) 
OPERATING-TEMPERATURE RANGE (Tal: 
PACKAGE TYPES D, F, K, H 
PACKAGE TYPE Ew... eee eee. 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vss 
POWER DISSIPATION PER PACKAGE (Pp): 
FOR T, = —40 to +60°C (PACKAGE TYPE E} 


FOR T, = +60 to +85°C (PACKAGE TYPE E) 
FOR T, = ~55 to +100°C (PACKAGE TYPES D, F, K) 
FOR T, = +100 to +125°C (PACKAGE TYPES D, F, K) 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta 


LEAD TEMPERATURE (DURING SOLDERING): 


Atdistance 1/16 + 1/32 inch (159 + 0.79 mm) from case for 10 s max. 


RECOMMENDED OPERATING CONDITIONS at Ty 


Terminal) ............ 


= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES).... 
INPUT VOLTAGE RANGE, ALLINPUTS ........... 


—65 to +150°C 


—55 to +125°C 
—~40 to +85°C 





Pash ea Sate ea daa ae -0.5 to+15 V 

500 mW 
deishatedts Derate Linearly at 12 mW/°C to 200 mw 
S00 mW 
Pitch aes Derate Linearly at 12 mW/°C to 200 mW 


100 mW 
Be Gp PPD alka ose ae wed Dear BL AE 0.5 to Vpp +05 V 


+265°C 


= 25°C, Except as Noted. 


For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following ranges: 








CHARACTERISTIC 
Voo 
(v) 


Supply-Voltage Range (For T, = Full 
Package- Temperature Range) 


Input Pulse Width, ty 





Reset Pulse Width, tw 


LIMITS 
D, F, K,H 
Packages 


PULSES 


WASTAGE 
RIPPLE 
COUNTER 


12 BUFFEREO OUTPUTS 


Vs 
cD4020a 
FUNCTIONAL DIAGRAM 


92CS-25063R2 





Features: 


Medium speed operation... 

7 Miz (typ.) at Vpp—Vssg = 10 V 

Low output impedance 

Common reset 

Fully static operation 

Quiescent current specified to 15 V 
Maximum input leakage current of 1 pA 

at 15 V (full package-temperature range) 
1-V noise margin (full package-temperature 
range) 


Applications: 


Frequency-dividing circuits 
Time-delay circuits 
Counter control 

Counting functions 








wwPUT 
PULSE 
SHAPER 
* af Oy 
+ ‘ 
INPUTS TO 
2nd STAGE 
‘ 2 
2) 
a 
* od - 
tC Q out Gi Mgnrd 
RESET, 
Yoo 
® 
STAGE | 
au meuts are + + 
PROTECTEO BY Vss 
60S/MOS PROTEC TION @ ReHIGH OOMINATES (RESETS ALL STAGES) 
NETWORK 


92CM-s601TA2 
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A ACTION OCCURS ON NEGATIVE GOING TRANSITION OF INPUT 
PULSE. COUNTER ADVANCES ONE BINARY COUNT ON EACH 
NEGATIVE @ TRANSITION (16,384 TOTAL BINARY COUNTS) 


Fig. 1—Logic diagram for 1 of 14 binary stages. 














CD4020A Types 


AMOENT TEMPERATURE (1) © 20°C 
TYPICAL TEMPERATURE COEFFICIENT FOR Ip + 











Yoo Yoo Yoo 
4 = ff Yoo Yoo 
* 
‘0 dood 
peal 
z HH 
° 0 
te ae ted $ DRAM -TO - SOURCE VOLT (Vp) 
+4 4 ‘RACS-17O1D 
a —% 1 Fig. 3—Typical output n-channel drain charac- 
o teristics. 








NOTE. SUBSTRATES FOR ALL “9” UNITS ARE COWMECTEO TO Yop 


SUBSTRATES FOR ALL “nn” UNITS, UNLESS OTHERWISE SHOWN, ARE CONNECTED TO GROUND 
* SUBSTRATES FOR THESE “Rn” UNITS ARE COMMECTED TO RESET LINE 







Fig. 2 — Schematic diagram of pulse shapers and 1 of 14 binary stages. H 
AMBIENT TEMPERATURE {T,)* 25°C 








STATIC ELECTRICAL CHARACTERISTICS 


Limits at Indicated Temperatures (°C) 
Characteristic D, F, K, H Packages 
o| VIN 
(vj WV) 
Quiescent 


Device 
Current, 
I Max. 







< 















DRAIN-TO-SOURCE VOLTS (Vps) 
92CS-1TeE2 







Fig. 4—Minimum output n-channel drain charac- 
teristics. 






Output 
Voltage: 
Low-Level, 


VoL 






0 Typ.; 0.05 Max. 


0 Typ.; 0.05 Max. 






ORAIN-TO-SOURCE VOLTS (Vpg) 












High-Level, 4.95 Min.; 5 Typ. 
Vou 3.95 Min.; 10 Typ. 








Noise 
Immunity : 
Inputs Low, 
VNL 
(Inputs High, 


















GATE—TO- SOURCE VOLTS (Vag 






. 
a 
ORAM MHUAMPERES (Tp) 










1.5 Min.; 2.25 Typ. 
Vv 


‘a 
TYPICAL TEMPERATURE COEFFICIENT FOR Ip *—O.3%/9C 









Noise 
Margin: 
Inputs Low, 





s2csi781e 





25 
~o 






Fig. 8—Typicat output p-channel drain charac- 
teristics. 







DRAIN-TO- SOURCE VOLTS (Vp, 








Drive Cur- 
rent: 

N-Channel 
(Sink), 








P-Channel 
(Source) 












7 
TYPICAL TEMPERATURE COEFFICENT FOR In *-03%C HH 










Leakage 
Pete 10-5 Typ., 1 Max. sini 
lin lie Fig. 6—Minimum output p-channe! drain cherec- ; 





teristics. 
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CD4020A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t,,t¢ = 20 ns, FH aM@eENT TEMPERATURE 114)» B5°C 
1 TYPICAL TEMPERATURE COEFFICIENT FOR 
CL= 15 pF, R, 200 kD ALL VALUES OF Vpp + 0.3% °C 


LIMITS 
TEST D, F, K,# 
CONDITIONS Packages 


Vop 
(v) Typ. Typ. 


CHARACTERISTIC UNITS 





Clocked Operation 





renarere | —T-s 1 Tasl aol — Toa] wl 
Time,” 235 
oie ee Ea aie a a 


LOAD CAPACITANCE (CLIPF sag sain 


[ — {450 | 6oo | — [ 450 | 660 | Fig. 7—Typical propagation delay time vs. c,. 


Transition Time, 
tTHL: tTLH 


Maximum Input Pulse 
Frequency, fy 


EA ameieny TEMPERATURE (Tq) = 25°C 


Minimum Input Pulse 
Width, tw 






























































t 
+ 
Input Pulse Rise & 3 
. £ 
Fall Time, trott : 
Zz 
Average Input 2 
9 f P Any Input 'y 
Capacitance, C, lg 
Reset Operation iy 
Propagation Delay H 
fa 
Time,” 
t 
PHL LOAD CAPACITANCE (C1 )— oF gactsiraoe 
Minimum Reset Pulse 
Width, Fig. 8~ Typical transition time vs. C,. 
tw 
» Yoo 
A 
u 
a 
he INPUTS 
ne 
3 wes 
; 
3 
8 
i 
0" Vss 
SUPPLY VOLTS (Vp) PUT FREQUENCY [14] —Hz Ses. 2700! 
920 S-(9@6SAI 92CS- 17807 
Fig. 9—Typical clock input frequency vs. Vpp- Fig. 10—Typical dissipation characteristics. Fig. 11—Quiescent-device-current test circuit. 
Yoo Yoo 
INPUTS QuTPUTS inputs 
oo" “nn Yoo NOTE: 
+ MEASURE INPUTS: 
v ° ~e@ © SEQUENTIALLY, 
mt ” Yss TO BOTH Vpp AND Vgs- 
CONNECT ALL UNUSED 
NOTE: INPUTS TO EITHER 
Vss TEST ANY COMBINATION Yoo OF Vss- 
OF INPUTS Vs 
928-2744) s2ca- 27402 
Fig. 12—Noise-immunity test circuit. Fig. 13—Input-leakage-current test circuit. 
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CD4021A Types 


CMOS 8-Stage Static Shift Register sae 


Asynchronous Parallel Input/Serial Output, 
Synchronous Serial !nput/Serial Output 


The RCA-CD4021A types are 8-stage paral- 
lel or serial-input/serial-output shift registers 
having common CLOCK and PARALLEL/ 
SERIAL CONTROL inputs, a single SER- 
IAL DATA input, and individual parallet 
Jam inputs to each register stage. Each regis- 
ter stage is a D-type, master-slave flip-flop. 
Q outputs are available from the sixth, 
seventh, and eighth stages. 


When the PARALLEL/SERIAL CONTROL 
input is low, data are serially shifted into 


12345678 


Features: 
® Asynchronous parallel or synchronous serial operation 
under control of parallel/serial control-input 
Individual JAM inputs to each register stage 
Master-slave flip-flop register stages 

Fully static operation. ..... DC to 5 MHz 

Quiescent current specified to 15 V 

Maximum input leakage current of 1 vA 

at 15 v (full package-temperature range) CONETCN AL DIAGRAM 
1-V noise margin (full package-temper- 
ature range) 


as f8gar 


e 
5 
r) 
° 
wy 
« 
w 
a 
5 


Vss 





tional CD4021A packages. 
When the PARALLEL/SERIAL CONTROL 





the 8-stage register synchronously with the input is high, data are jammed into the 8- These types are supplied in 16-lead hermetic 
positive-going transition of the CLOCK stage register via the paralle! input lines asyn- dual-in-line ceramic packages (D and F 
pulse. chronously with the clock line. suffixes), 16-lead dual-in-line plastic pack- 


age (E suffix), 16-lead ceramic flat package 


Register expansion is ssible using addi- 
. p a : (K suffix), and in chip form (H suffix). 


STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT INDICATED TEMPERATURES (°C) 
Yo |“in|Yoo 
vy | wi 


ae 
uimit| *'78 Typ. [uiMiT 
00 


Applications: 

® Parallel to serial data conversion 

® Asynchronous parallel input/serial output 
data queueing 

® General purpose register 















CHARACTERISTICS 










































































































































































































viene Lete}s]s [es] s | cool so] os | so | 700] tt ee 
Current 1) Max. = = 4 Fa | [oe ni eTa re 
% tage 
[ 500 | i pithy: 
Orreat Volar: 0 Typ.; 0.05 Max. 3° BEG 
ow-Level, = ste 
0 Typ.; 0.05 Max. Z 
7 Vv # y 
[Tepe] 295 Min Shp : 
| 10 | 9.95 Min.; 10 Typ. ; ? 
re aig 1.5 Min.; 2.25 Typ. as 
Inputs Low, 
Vv 3 Min.; 4.5 Typ. 
NL . SUPPLY Gare eae hee 
Inputs High 4 1.5 Min.; 2.25 Typ. 
Vv - 
NH Min.; 4. ie 
: : 3 Min.; 4.5 Typ Fig. 1 — Typical clock input frequency vs. 
Noise Margin: fe] 1 Min. supply voltage. 
Inputs Low, 
Vv 
. A AMBIENT TEMPERATURE (Ta) * 25 °C 
Inputs High, |- | 5] 1 Min. ; TYPICAL TEMPERATURE coerricieny fon 
VMH r=] EH og ALL VALUES OF Vpp*0.3%/9C 
. I } Hy 
Output Drive B HET 
Curent? mi so LE 
rent eH TH laos ee 
N-Channel H a TET Tees YOU rte +H 
: fa 
(Sind, Sadist ibaberermmri er tl 
ni eg 
. ee EH HEE HH th 
P-Channel iS He Lita 
(S ) Saas bas! bea errr 
a : “ESP ee 
IpP Min. - | 10 Pttielee ol HRA 
c) 10 20 xo 40 50 oo ro LJ 
Input Leakage LOAD CAPACITANCE (C11 -9F devine? 


Any input 
Current, 


Fig. 2 — Typical propagation delay time vs. 
load capacitance. 


5 +107 Typ., + 1 Max. 





Hoe 





of 
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LL th ners 


CD4021A Types 


MAXIMUM RATINGS, Abdso/ute-Maximum Values: 


AMBIENT TEMPERATURE (T, 





















































STORAGE-TEMPERATURE RANGE (Tstg) 2.02 ee eee -~65 to +150°C d| auc vatues OF Venn ae 
OPERATING-TEMPERATURE RANGE (Ta) 
PACKAGE TYPES D,F,K,H 00... ce ee ee ee eee eae ~55 to +125°C 
PACKAGE TYPE Be. se pustiliececee ph del emses vogue car's, sige eomMOR ar Suamatteteararie-e eg 40 to +86°C 
DC SUPPLY-VOLTAGE RANGE, {Vpp) 
{Voltages referenced to Vgg Terminal) 2.0... tees 0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (Pp) 
FOR Ta = -40 to +60°C (PACKAGE TYPE E) De ee ee ee ees 500 mw 
FOR Ta = +60 to +85°C (PACKAGE TYPE E) 3... ..... Derate Linearly at 12 mW/°C to 200 mW 
FOR Ta = ~55 to +100°C (PACKAGE TYPES D,F,K) «6-0. cece ee eens 500 mw 
FOR Ty = +100 to +125°C (PACKAGE TYPES D,F,K) .. . Derate Linearly at 12 mW/°C to 200 mW eee SO sib 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR Fig. 3 ~ Typical transition time vs. 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ....... 100 mw load capacitance. 
INPUT VOLTAGE RANGE,ALLINPUTS ..............0200 00 sees O5 to Von 5 V 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max... 2... 2.0 eee +266°C 
PARALLEL is bs a ~! - ~ “ 
Pagansen/ INPUT=1 PI-2 PI-3 PI-4 PI-S PI-6 PI-7 PI-8 ‘7 AMSENT: SUPER 











ANO “1” PATTERN 


CONTROL 








oe 








SERIAL 
INPUT 












4- STAGES 
SAME AS STAGE | 













POWER DISSIPATION/ PACKAGE (Pp)— pw 


———— LOAD CAPACITANCE (C, }otSoF| 
mo = Cy *SORF 
CTT TTT 
' to 10? 0 Ww 
INPUT CLOCK FREQUENCY (f¢)}—— hMx 
92C5-17H00R9 








Vpo = TERMINAL 16 


Vgg* TERMINAL 8 Fig. 4 — Typical dissipation 


characteristics. 


ALL Logic INPUTS ARE 
PROTECTEO 8Y 
COS/MOS PROTECTION 
NETWORK 

Fig. § — Logic diagram. 
RECOMMENDED OPERATING CONDITIONS at 7, = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 


TRUTH TABLE operation is always within the following ranges: 


Vgs 920M -1TIAIRS 





Parallel/ I 


Serial | Serial Q4 LIMITS 


Control 


CHARACTERISTIC voo 











Supply-Voltage Range (For Ta=Full 
Package-T emperature Range) 














A=LEVELCHANGE X =DON’T CARE CASE 
NO CHANGE 92C8-17141R3 Data Setup Time, ts 


Fig. 6 — Truth table. 


Clock Pulse Width, tw 


Clock Input Frequency, fCL 


Clock Rise and Fail Time, trCL, tfCL 





“If more than one unit is cascaded t-CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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CD4021A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS Yoo 
at 7,4 = 25°C, Input tr, te = 20ns, Cy = 15 pF, Rx = 200kQ2 



























INPUTS QUTPUTS: 
Yoo" Yn 
LIMITS 2 ‘ 
TEST SRC Von. A 
CHARACTERISTIC CONDITIONS ebay: UNITS 
eames | maccace | ae 
Vss TEST ANY COMBINATION 
OF inPUTS 
Max. 92C3-2 744) 


Propagation Delay 
Time,** 
tPLH. tPHL 


Fig. 7 — Noise-immunity test circuit. 







Transition Time; 
tTHL, 'TLH 


Test performed with the following sequence 
of “One's” and ‘‘Zero’s”’. 


Sy S2 S3 S4 Ss 


= “+ 
v [a < 
fs 


Maximum Clock Input 
Frequency, fcoL 














Minimum Clock Pulse 
Width, tw 


eco4-s0 
=+=000 
Owosso 
ovo-o 
O+2+4+0 








Clock Rise & Fall 
Time; trCL & tfCL” 


Minimum Data Set 
Up Time, ts 





Minimum High-Level 
Parallel/Serial 
Control Pulse 
Width tw 










9205 17920R) 
Fig. 8 ~ Quiescent device current test circuit. 
*\f more than one unit is cascaded tyCL should be made less than or equal to the sum of the transition time 


and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
**Erom Clock or Parallel/Serial Control input 


DO 
INPUTS 
Yoo NOTE 
One MEASURE INPUTS 
e —* ° SEQUENTIALLY, 
res “BS Yss 10 BOTH Vo AND Vag: 
3 CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vo OR Veg 
Vss 
vecs- 27402 
TO NEXT Fig. 9 — Input-leakage-current 
STAG! , re 
c , test circuit. 














1 
1 
t 
STAGES 
: 7.86 


1 67. 
H ONLY 
a 
QUFFERED 
OUTPUT 








ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 


Yss 920M -t7139R4 
NETWORK 


Fig. 10 ~— One typical stage and its equivalent detailed circuit. 
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CD4022A Types 


CMOS Divide-By-8 
Counter/Divider 


With 8 Decoded Outputs 


The RCA-CD4022A types consist of a 4- 
stage divide-by-8 Johnson counter, associ- 
ate decode output gating and a CARRY- 
OUT BIT, The counter is cleared to its zero 
count by a high RESET signal. The counter 
is advanced on the positive CLOCK-signat 
transition provided the CLOCK INHIBIT 
signal is low. 

Use of the Johnson divide-by-8 counter 
configuration permits high-speed operation, 
2-input decode gating, and spike-free de- 
coder outputs. Anti-lock gating is provided, 
thus assuring proper counting sequence. The 
8 decode gating outputs are normally low 


and go high only at their respective decoded 
time slot. Each decode gate output remains 
high for one full clock cycle. The CARRY- 
OUT signal completes one cycle every 8 
CLOCK-INPUT cycles and is used as a 
ripple-carry signal to directly clock a suc- 
ceeding counter package in a multi-package 
counting system. 


These types are supplied in 16-tead hermetic 
duatl-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tg)... . - - 


OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES D,F,K,H ............ 


PACKAGE TYPE E 
OC SUPPLY-VOLTAGE RANGE, (Vpp) 


POWER DISSIPATION PER PACKAGE (Pp) 
FOR T= —40 to +60°C (PACKAGE TYPE E} 
FOR Ta +60 to +85°C (PACKAGE TYPE E) 


ep edrnca tel ak bua hes bale —65 to +150°C 


tacit nit ta Mrs halle M aa 55 to +125°C 
Biriee Mette cnitindetglehd en aN =40 to +85°C 


ah 2p ate Saree aa bite amare Ole gs Stent Moms wae -0.5to +165 V 


FOR Ta = -55 to +100°C (PACKAGE TYPES D,F,K) 0.0... cece eee nes 500 mw 

FOR T, = +100 to +125°C (PACKAGE TYPES D,F,K) ..... Derete Linearly at 12 mw/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)......... 100 mw 


INPUT VOLTAGE RANGE, ALLINPUTS....... 


LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 £0.79 mm) trom case for 10s max... 2.2.2.2 6 2 ee +265 C 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 











CHARACTERISTIC 









Supply-Voltage Range (For Ta = Full 
Package- Temperature Range) 


VpD D,F,K,H E 
(v) Packages Package 


Setup Time, tg 


LIMITS 






CLOCK 
INHIBIT ‘8 
RESET 


“99 
om 
2" 
"3 
4" 
"5" 
‘6 
“7H 


DECODED ovT. 


2 


V$$_s2cs- 250730 


CD4022A 
FUNCTIONAL DIAGRAM 





Features: 


Medium speed operation ... . 5 MHz (typ.) at 
Vpp - Vss =10V 

Divide by N counting; N = 2 to 8 with one 

CD4022A plus one CD4001A package 


Quiescent current specified to 15 V 
Maximum input leakage current of 1 “A 
at 15 V (full package-temperature range) 
1-V noise margin (full package-temper- 
ature range) 


Applications: 


Binary counting/decoding 
Binary frequency division 
Binary counter control/timers 
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CD4022A Types 

















TERMINAL No.16* ¥op 
TERMINAL No 8 "GND 


















4" " " ee 
po 
ANBENT TEMPERATURE {Ty} * 25°C 
2 TYPICAL TEMPERATURE COEFFICIENT FOR! 
4 VALUES OF Von * 03% /°C 
ca 
Ves s 












rr 

sss 

“ALL INPUTS ARE PROTECTED BY 
COB/M0S PROTECTION NETWORK 


Fig. 1 ~ Logic diagram. 





PROPAGATION OELAY TIME tea 


LOAD CAPACITANCE (C.)— pF 


920S- 17 mR 
Fig. 3 — Typical propagation delay time vs. 
STATIC ELECTRICAL CHARACTERISTICS load capacitance for decoded outputs. 











AMBIENT TEMPERATURE (Tg) + 25°C 7 
TYPICAL TEMPERATURE COEFFICIENT Fon! 
BLL VALUES OF Vg © 0.3% 79°C 


[+ falelele [alsheleg 









Quiescent Device 
Currant 1, Max. 


Output Voltage: 
Low Level 


VOL 
High Level 
Vou 


0 Typ.; 0.065 Max. 


O Typ.; 0.06 Max. 
4.96 Min.; 5 Typ. 


9.95 Min.; 10 Typ. 





























Rois immunity: i ican A wen 
oe ast licrecadeaptboend ape 
inputs High [-[s[ 1.5 Mins2.25Typ, 
[-{io[ Minn 45 Typ. 
vem = 
ae 
| at oe MIN 
ros | — | § [0.062 | 0.15 | 0.06 [0.035[ 0.03 | 0.16 | 0.026| 0.02 | 
Currant: ovrussfos [—- {10 [oz { 03 | 0.1 [ oo7 [008 {03 [006 [008 | 
(Sink) (06 {-]| 5 [o.196] 06 | 0.15][0.106} 0.006] 0.6 | 0.08 | 0.086} 
IDN Min. 10.6 | - { 10 [0.376] 1 [03 [021 [0.166] 1 | 0.13 [0.106 
Decoded| 4.5 | — | 6 | -0.038|-0.076] 0.03] -0.021[-0.018 |-0.075 |-0.015 | 0.012} 
P-Channel | Outputs pos} =| 10} 0.12} 2:18 | 2.1 | 287 208 | 2.8 | 208 | ot 
Output [os | — | 10 [0.375] -0.8 | 0.3 | -0.21 |-0.166] -0.8 | -0.13 }-0.106) Aad Sibncraace Lio 
£1075 Typ., +1 Max. Fig. § ~ Typical transition time vs. load 
capacitance for decoded outputs. 
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CD4022A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, input t, , t, = 20 ns, 
Cy = 16 pF, Ry = 200 kQ 


LIMITS 


TEST D,F,K,H 


CHARACTERISTIC CONDITIONS Packages 


CLOCKED OPERATION 
Propagation Detay Time: 


tPHL- 
Ch Ut ine 
Decode Out Lines 


Transition Time: 
tTHL. tTLH 
Carry-Out Line 


Decode-Out Lines 


Min, Clock 

Pulse Width, tw 
Clock Rise and 
Fall Time, 

trcL » 4CL 
Min. Clock tnhibit 
Set-Up Time, 


ze BRIE le Belele| [F 


| 


Max. Glock input -([_|8 [1 [28 |- loslas| — | 
Frequency. fer’ _[ | 10 [3 | s |-]2]6 |_| 

[input Capacitance, i | Arvinout | - | 6 |-{-|6|-| oF 

RESETOPERATION. SS 


RESET OPERATION 


Propagation Delay Time: [| 8 | - [300 [200 { - | 300 | 1200] 
anal 


tPHL tPLH 
Carry-Out Line 


Decode-Out Line 
St 
Min. Reset Pulse ; | 
Width, ty ic 
|| 


Min. Reset 
Removal Time 


* Measured with respect to carry output ling 


Yoo 
Yoo 
INPUTS Yoo 
° 
vss 
INPUTS OUTPUTS: 
Yoo" Yan 
= +, 
Va ta 
NOTE: 
ss TEST AMY COMBINATION 
gg OF INPUTS 


9203-27801 s2cs-2 7641 


Fig. 9 — Quiescent-device current test circuit. Fig. 10 — Noise-immunity test circuit. 








STANCE (CL )— 
Mano Apne! LI 0F gacs-s7aat 


Fig. 6 — Typical transition time vs. load 
capacitance for carry output. 


AMBIENT TEMPERATURE (Ty) © 25° 
LOAD CAPACITANCE (C, ) © 15 pf 


CLOCK INPUT FREQUENCY (fo, I~ nots 


1S 
SUPPLY VOLTS(Vp9) 


92cs-19067 


Fig. 7 — Typical clock input frequency vs. 
supply voltage. 


10° [AMBIENT TEMPERATURE (Tg)-25°C 






































INPUT 1, #14 #20 ne 
s aah 
a 0 = 
s = 
Es ° 
= S 
10% 
g > 
< oe fd 
g x 
: 0? oe 
2 
s 10? 
a 
5 
« 
co) 
= LOAD CAPACITANCE (Cy Iot5 pF | 
—--= CL *50pF 





TT 


10 to? 10 
\NPUT CLOCK FREQUENCY {1¢)} — tH 











1 10° 
92cs-17az9R1 


Fig. 8 — Typical dissipation characteristics. 


Yop 


INPUTS 
Yoo NOTE 
e+G) MEASURE INPUTS 
° SEQUENTIALLY, 
Yss TO BOTH Vpp AND Veg 


CONNECT ALL UNUSED. 
INPUTS TO EITHER 


Yop OR Vgg- 
22¢5- 27602 


Fig. 11 — input-leekage-current test circuit. 
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CMOS 7-Stage Binary 


With Buffered Reset 


The RCA-CD4024A consists of an INPUT 
PULSE shaping circuit, RESET line driver 
circuitry, and seven binary counter stages. 
The counter is reset to “zero” by a high level 
on the RESET input. Each counter stage is a 
static master-slave flip-flop. The counter 
state is advanced one count on the negative- 
going transition of each INPUT PULSE. 


Counter 











TERMINAL No1S TO Vpo 
TERMINAL No 7 TO VSS 


928-9074 









* aL INPUTS ARE 
PROTECTED @Y 
COS/MOS PROTECTION 





NETWORK 
These types are supplied in 14-lead hermetic 


Fig. 1 ~ Functional diagram for CD4024AD, 


CD4024A Types 





a 
he wepur E 
PULSES anle 
Qs 3 
a 
w 
aeser: Q4{# 
olf 
elm 
i" ar 
NC*8,10,13 
¥88 oacs-z500i8 























dual-in-line ceramic packages (D and F Vss AE, AF, 
suffixes), 14-lead dual-in-line plastic pack- ‘i 5 4 ; 5 2 4 
age (E suffix), 12-lead hermetic TO-5-style fe Rise. Wag Wye! Pigs. ie tes 
package (T suffix) 14-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 
. : Q Q. @: Q coy Q Q 
Applications: crr-ith [err-a{ | levemst | [eer-al | (eves | leve-el | leve=7 
FPA) es 2s OS be ee 
@ Frequency-dividing circuits i | 
cg esha cee ‘eo remamns to 2 £2 Yoo 
unter contro RESET . vss 
™ D/A counter and switch on one chip _ - ree 
AU. INPUTS ARE Fig. 2 — Functional diagram ; 
iss 
COS/ MOS PROTECTION for CD4024AT. ence -a6eee 
MAXIMUM RATINGS, Absolute-Maximum Values: Ves 
STORAGE-TEMPERATURE RANGE (Tgtg). 6.02 eee —65 to +150°C 
OPERATING-TEMPERATURE RANGE (Ta): é 
PACKAGE TYPES (OG; FAK TA) 5 echoes OS yo eee he Oe ee 56 to + 125 ¢ 
PACKAGE TYPE. sikh lee nd ee ite Beedle aS ahs A fe. Woe SS lal diene bos —40 to +85'C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) Features: 
(Voltages referenced to Vgs Terminal): 2... ees -05 to +15 V 
POWER DISSIPATION PER PACKAGE (Pp) @ Medium-speed operation... . 
FOR Ta= —40 to +60°C (PACKAGE TYPE E) cee eee eee gs + 500 mW _. 7-Miz (typ.) input pulse rate at 
FOR Ta= +60 to 485°C (PACKAGE TYPE E) ......... Derate Linearly at 12 mW/"C to 200 mW Von — Vee = 10 V 
FOR T, = -85 to +100°C (PACKAGE TYPESD,F,K.T) 0... cee eee ee eee 500 mw DD~ ‘ss 


FOR Ty = +100 to +125°C (PACKAGE TYPES D,F,K,T). . . .Qerate,Linearly at t2 mw/°c to 200 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES} 
INPUT VOLTAGE RANGE, ALL INPUTS 
LEAD TEMPERATURE (OURING SOLDERING}: 

At distance 1/16 + 1/32 inch (1.59 +0.79 mm) from case for 10 s max 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be setected so that 
operation is always within the following ranges. 


LIMITS 
CHARACTERISTIC 


Supply-Voltage Range (For Ta = Full 
Package-Temperature Range) 

Clock Pulse Width, ty 

Clock Input Frequency, fo, 


Clock Rise or Fall Time, t,CL, teCL 


Reset Pulse Width, tw 





® Low high-and-low level output impedance 
« - 70082 and 5002 (typ.), respectively at 
Vpp - Vss =10V 

@ Fully static operation 

@ Common reset 

® Quiescent current specified to 15 V 

@ Maximum input leakage current of 1 WA 
at 15 V (full package-temperature range) 

@ 1-V noise margin (full package-temper- 
ature range) 





AMBIENT TEMPERATURE (Tq) +25 *¢, 
TYPICAL TEMPERATURE COEFFICIENT FOR Ip +-05%/*C 
1s 




















GATE -TO-SOURCE VOLTS (Vg )«15 








DRAIN MILLIAMPERES (Ip) 
J 





od a 
ORAIN-TO- SOURCE VOLTS (Vo) 
s2Cs-17TeOD 
Fig. 2 — Typical output n-channel drain 
characteristics. 
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CD4024A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Limits st Indicated Temperatures (°C) 


0 Typ.; 0.065 Max. 


0 Typ.; 0.05 Max. 
4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 
1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 
1.6 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


Low-Level, 
Vo. 
High Level, 
VOH 

Noise Immunity: 
Inputs Low, 
VNL 
inputs High, 
VNH 

Noise Margin: 
Inputs Low, 
VNML 
inputs High, 
VNMH 

Output Drive 
Current: 
n-Channel 
(Sink), 
IpN Min, 


p-Channel 
(Source) 
IpP Min. 
Input Leakage 
Current, +19-5 Typ.; £1 Max. 
Ne. YH 





PUT 
PULSE 
SHAPER 





O 9, 
















MASTER Si ave 

















aren ona tact 
RESET ~O 
ried 
‘© R + HIGH DOMINATES (RESETS ALL STAGES) 
EQUATIONS FOR STAGES 2 TO 7 
Qzoyz = (B21) NenR) Qsour « (850) X02K03)(Qqxe vk) 
Q30yT = (34x, xO2K9)() [our = (€g)(0, 1070 3n04x05Kexi) 


ac = 2 
Qeout = (04XQ,)(Q2KQ,KeR) — A7QUT = (G7NQ]NOQ2KO3KAKOsKO,KeXR) 


Fig. 7 — Lagic block diagram (pulse shaper 
and 1 binary stage). 
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DRAM -TO-SQURCE VOLTS (Ving? 


i 
i 
g 


o8cs-17994 


Fig. 4 — Typical output p-channel drain 
characteristics, 





AMBIENT TEMPERATURE (Ty! + 25°C 





TYPICAL TEMPERATURE COEFFICIENT FOR Tp =-O0.9%/*C 


o) 
~ 


DRAIN ML UIAMPERES (1 


CD4024A0,CO4024AK 








—_— 
Cosozeae = + = 






° 5 10 1 
ORAIN- TO-SQURCE VOLTS (Vong) s2cs-s907ent 
Fig. § — Minimum output n-channel drain 


characteristics. 


ORAIN-TO- SOURCE VOLTS Vos) 
=!6 ~10 5. oO 


O402440,CD4024aK  ——— 
€04024AE ~— ew 








3 
2 
= 
© 
= 
- 
Py 
& 
i 
a 
° 





NT TEMPERATURE (Ta }s 25°C 
TEMPERATURE COEFFICIENT FOR Ip'-0.3 "sec 
92C69-19079R1 
Fig. 6 — Minimum output p-channel drain 
characteristics. 





AMBIENT TEMPERATURE (Tq)* 26 °C 
TYPICAL TEMPERATURE COEFFICIEN' 
oq] FOR ALL VALUES OF Vpp ©. suse 


2 
? 
i 
. 





LOAD CAPACITANCE (C,)— pF aeasiveio 


Fig. 8 - Typical propagation delay time vs. C,. 














CD4024A Types 


OYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t,, te = 20 ns, AMOMENT TEMPERATURE (7,)=25°C 


TYPICAL TEMPERATURE COEFFICIENT 


Cy = 15 pF, Ry = 200 k2 


LIMITS 
St [SEE | ate 
CHARACTERISTIC CONDITIONS Packages Package UNITS 
Vpp 
ye Typ. 
RR | mn. ve [meson | er. 
@ INPUT OPERATION 


Propagation Delay Time; Pee eS LOAD CAPACITANCE (CL)— pF ia 
tPLH: tPHL 10 | - | a0 [125 { - | 20 | 150 | Fig. 9— Typical transition time vs. C.. 





Transition Time; [5 | — [175] 225} - | 178 | 250 | 


tTHL: tTLH 


| 80 | 
Maximum Pulse Input | 2.5 | 
a. 








Frequency, fg 7 











Minimum Input Pulse 
Width, tw 


Input Pulse Rise & 
Fall Time, troteg 

















eee 


Average Input 
Capacitance, C; 


RESET OPERATION 

Propagation Delay Time; | 500 | 
TeLH TPHL | 250 | 
Minimum Reset Pulse 


Width; tw | 200 | 


* Propagation delay time is from input pulse to Q, output. 








POWER DISSIPATION/ PACKAGE (Pp) — nW 
LUNN me 








INPUT FREQUENCY (Fg) —Mz 
9205-1712 


Fig. 10 ~ Typical dissipation characteristics. 





oJ 
BOGE 


nmENY Temptaatone (1, )-28"C 


(MPUT PULSE FREQUENCY (fgl- mints 





Yoo 
Yoo 
INPUTS: 
Ves INPUTS OuTruTs 
Yoo Yun 
Soe ~“@ 
Vee 7 
SUPPLY VOLTS (vp9? 
97¢3- 19009 
aa Fig. 11 — Typical i ise fi 
TEST ANY COMBINATION 2 17 — ical input pulse fre 
Vss resy YP! put pulse frequency vs. Voo 
92C3-2 eat 
9203-2740) 
Fig. 12 ~ Quiescent-device-current test 5 ; 
piel: Fig. 13 — Noise-immunity test circuit. 
s 
Yoo 
INPUTS 
Yoo NOTE 
x C > MEASURE INPUTS 
° SEQUENTIALLY, | 
Vss TO BOTH Vop AND Vgs ; 


CONNECT ALL UNUSED 
WPUTS TO EITHER 


Yop O Vss 
e2e$- 27402 


Fig. 14 — Input-leakage-current test circuit. 
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CD4026A, CD4033A Types 


CMOS Decade Counters/Dividers 


With Decoded 7-Segment Display Outputs and: 


Display Enable — CD4026A 
Ripple Blanking — CD4033A 


The RCA—CD4026A and CD4033A each 
consist of a 5-stage Johnson decade counter 
and an output decoder which converts 
the Johnson code to a 7-segment decoded 
output for driving each stage in a numerical 
display. 

These devices are particularly advantageous 
in display applications where tow power 
dissipation and/or low package count are 
important. 

inputs common to both types are CLOCK, 
RESET, & CLOCK INHIBIT; common 
outputs are CARRY OUT and the seven 
decoded outputs (a, b, c, d, e, f, g). Addi- 
tional inputs and outputs for the CD4026A 
include DISPLAY ENABLE input and 
DISPLAY ENABLE and UNGATED “C- 
SEGMENT” outputs. Signals peculiar to the 
CD4033 are RIPPLE-BLANKING INPUT 
and LAMP TEST INPUT and a RIPPLE- 
BLANKING OUTPUT, 

A high RESET signal clears the decade 
counter to its zero count. The counter is 
advanced one count at the positive clock 
signal transistion if the CLOCK INHIBIT 
signal is low. Counter advancement via the 
clock line is inhibited when the CLOCK IN- 
HIBIT signal is high. The CLOCK INHIBIT 
signal can be used as a negative-edge clock 
if the clock line is held high. Antilock gating 
is provided on the Johnson counter, thus 
assuring proper counting sequence. The CAR- 
RY-OUT ‘(Cout) signal completes one cycle 
every ten CLOCK INPUT cycles and is used 
to clock the succeeding decade: directly in a 
multi-decade counting chain. 

The seven decoded outputs (a, b, c, d, e, f, g) 
illuminate the proper segments in a seven 
segment display device used for representing 
the decimal numbers 0 to 9. The 7-segment 
outputs go high on selection in the 
CD4033A; in the CD4026A theses outputs 
go high only when the DISPLAY ENABLE 
IN is high. 

C0D4026A 

When the DISPLAY ENABLE IN is low the 
seven decoded outputs are forced low re- 
gardiess of the state of the counter. Acti- 
vation of the display only when required 
results in significant power savings. This 
system also facilitates implementation of 
display-character multiplexing. 

The CARRY OUT and UNGATED"C-SEG- 
MENT” signals are not gated by the DIS- 
PLAY ENABLE and therefore are available 
continuously. This feature is a requirement 
in implementation of certain divider func- 
tions such as divide-by-60 and divide-by-12. 


CD4033A 


The CD4033A has provisions for automatic 
blanking of the non-significant zeros in a 


multi-digit decimal number which results in 
an easily readable display consistent with 
normal writing practice. For example, the 
number 0050.07000 in an eight digit display 
would be displayed as 50.07. Zero suppres- 
sion on the integer side is obtained by con- 
necting the RBI terminal of the CD4033A 
associated with the most significant digit in 
the display to a low-level voltage and con- 
necting the RBO terminal of that stage to 
the RBI terminal of the CD4033A in the 
next-lower significant position in the dis- 
play. This procedure is continued for each 
succeeding CD4033A on the integer side of 
the display. 

On the fraction side of the display the RBI 
of the CD4033A associated with the least 
significant bit is connected to a low level 
voltage and the RBO of that CD4033A is 
connected to the RBI terminal of the 
CD4033A in the next more-significant-bit 
Position. Again, this procedure is continued 
for all CD4033A’s on the fraction side of the 
display. 

In a purely fractional number the zero 
immediately preceding the decimal point can 
be displayed by connecting the RBI of that 
stage to a high level voitage{instead of to the 
RBO of the next more-significant-stage). 
For Example: optional zero > 0.7346. 
Cikewise, the zero in a number such as 763.0 
can be displayed by connecting the RBI of 
the CD4033A associated with it to a high- 
level voltage. 

Ripple blanking of non-significant zeros 
Provides an appreciable savings in display 
power. 

The CD4033A has a LAMP TEST input 
which, when connected to a high-level voit- 
age, overrides normal decoder operation and 
enables a check to be made on possible 
display malfunctions by putting the seven 
outputs in the high state. 


















Yoo 
‘oo 
16 
1 10 fad 
e 
sLoce 2 il2 clock - 
rs 5 
2 is] & 
OCK $ = 
INHIBIT <a 8 cLocK ° 
2 un |S tNAIBIT ic 
RESET r_*13 8 
ores ied 
aaa RESET 
[7 4 re 
5 CARRY OUT 
3 4 
OISPLaY DIsPLay LAMP 9. 
ENABLE ENABLE TEST CARRY 
N our 5 our 
hd 
UNGATED “Cc” 
RIPPLE RIPPLE 
aes BLK 8)” aux 
Yss  9zcs-z5070e1 an out 
Vss 
CD4026A 92C5-25076R) 
C04033A 
FUNCTIONAL DIAGRAMS 
Features: 


®@ Counter and 7-segment decoding in one package 

B® Easily interfaced with 7-segment display types 

® Fully static counter operation: DC to 2.5 MHz 
(typ.) 

@ Ideal for low-power displays 

@ Display Enable Output (CD4026A) 

® “Ripple Blanking” and Lamp Test (CD4033A) 

s 

a 


Quiescent current specified to 15 V 
Maximum input leakage current of 
1A at 15 V (full package-temperature 
range) 

@ 1-V noise margin (full package-temper- 
ature range) 


Applications: 


@ Decade counting/7-segment decimal 
display 

® Frequency division/7-sagment decimal 
displays 

® Clock/watches/timers 
(e.g. + 60, + 60, + 12 counter/display) 

® Counter/display driver for meter 
applications 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tstg) aS acabane 


OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K,H 
PACKAGE TYPE E : 

DC SUPPLY-VOLTAGE RANGE, {Vpp) 


POWER DISSIPATION PER PACKAGE {Pp) 
FOR Ta= ~40 to +60°C (PACKAGE TYPE E) 
FOR T= +60 to +85°C (PACKAGE TYPE E) 


For T, = -55 to +100°C (PACKAGE TYPES D, F, K) ... 
For T, = +100 to +125°C (PACKAGE TYPES D,F,K) ....... 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


ib datr &.fogkapts Mitlat-cadinder ae -65 to +150°C 


giles ea dyiblte deaag athe dea be tees eranialy —55 to +125°C 
J itt henge dane itbicd BainecBatiws —40 to +85°C 


OPW ee ee a ee ee es —0.5 to +15 V 





WAlSIAG Varala Daas oie aa Aas 500 mw 
erate Linearly at 12 mW/°C to 200 mw 





FOR Ta= FULL PACKAGE-TEMPERATURE RANGE {ALL PACKAGE TYPES)......... 100 mw 


INPUT VOLTAGE RANGE, ALLINPUTS....... 


LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 £0.79 mm) from case for 10smax. 2.2... eee +265 C 
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CD4026A, CD4033A Types 
































Cout count |o|1 [2] 3 
>So (clock + 10) e 
0 RESET 
a 
oe Sit 
DISPLAY 
ENABLE IN 
“ob ewaBce dot 
14. UNGATED “Cc” ° 
SEGMENT . 
Oc c 
od ¢ 
e 
* 1 Oe t 
cLock 
% CLOCK 8 
INHIBIT 





6 CARRY OUT 


UNGATED 
"C” See. 
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% RESET >-f{ >——— 


DISPLAY 3 


























































TABLE > 7 : Ao ENABLE Fig. 2 - CD4026A timing diagrem. 
Mint tle |b oe 
ne el |e SEGMENT = 
ALL INPUTS ARE PROTECTED BY Tr DESIGNATIONS reser. L— 
COS/ MOS PROTECTION NETWORK 2c sdomine CLOCK_INHIBIT rt 
LanP TEST 
Vg RBI — 
Coyr (CLOCK +10) 
Fig. 1 ~ CD4026A logic diagram. : 
o 7 cee, CER pe semnees OT peeeees Ol peed 
SEGMENT flatb ‘ sma WE on on Oe 
* DESIGNATIONS e| “i Tis Os es OS ees © eee © ee OO oe OO oe 
14 gL AMP TEST I> d >icout . as 
a (CLOCK + 10) ‘ 
2 pi, o ‘ ———_ — 
#60 ——_-_- , 
eee Na VAR AN UA AAR? 
{i >t 1129456789 01 @ 4S ay 






> -Dlbe Fig. 4 — CD4033A timing diagram, "°°"? 


ORAIN -T0-SOURCE VOLTS (Von ~ Von? 
-3 -2 a 


-4 


oO 





¢ AUBERT TEMPERATURE (Tg) « 28°C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR Ine -0.3%/%C 

















DRAIN WILLIAMPES (Ip?) 


% RBI O 4 
Yop & “ALL INPUTS ARE PROTECTED “D0 sit eos 
GND o 8 BY COS/MOS PROTECTION 
NETWORK. 
Vss secs- 19003 
Fig. 3 — CO4033A logic diagram. Fig. 5 — Minimum and typical output p-channel 
’ decoded drain characteristics @ Vpp=3.8 
DRAIN- T0-SOURCE VOLTS \Voo — Vow! ORAIN-TO- SOURCE VOLTS (VD Yon! &EY. 


> 


< 
2 
ry 
Z| 
i 
z 
a 


$ 
z 
} 
i 
i 


if 
TYPICAL TEMPERATURE 
FOR Tp* -0.8%/°C 





‘9208-19004 ° LJ 2» » 0 Lad oe TO LJ o 


‘ 08s _~ 
Fig. 6 — Minimum and typical output p-chennel Fig. 7 — Typical output p-channel decoded Soe Serle ae 9203-19008 
Gecoded drain characteristics @ Vpp=10 drain characteristics as a function Fig. 8 — Typical propagetion delay time vs. 
& 18 V. of temperature. Cy for decoded outputs. 
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CD4026A, CD4033A Types 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. [, | AMBIENT TEMPERATURE (41+ 25% 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


TYPICAL TEMPERATURE FOR ALL 
600] VALUES OF Vop = 0,3 %7%C 














8 


8 






CHARACTERISTIC 


Supply-Voltage Range (For Ta = Full 
Packege-Temperature Range) 
Clock Inhibit 
Setup Time, tg 
Clock Pulse Width, 
Exalaseaaeand O E- 





8 






By 








PROPAGATION DELAY TIME (tpi? tpiql—ee 


i} 20 x» 40 sO 0 70 Lo) 


LOAD CAPACITANCE (C,) -— pF 
secs-17e27 


Fig. 9~ Typical propagation delay time vs. 
Cy for carry outputs, 









































































































































































































See a a a ed a 
TYPICAL TEMPERATURE COEFFICIENT FOR 
21900) ALL VALUES OF Yop #O.3 K/5C 
camer [t= [S]-1el=| eg 
moran pe te] 
rie is 
Pra HH $8 
Reset Removal Time ea B cof eH EHH guett 
H is 10, 
1S 
STATIC ELECTRICAL CHARACTERISTICS mieceasacsssscstcsectaiestceectoetatsstoss 


LOAD CAPACITANCE (C,}— pF 
s2cs-17ez0 





3, 
Conditions Limits at Indicated Temperatures ("C) 
| _O.F,.KHPackages | Package 


Fig. 10 — Typical transition time vs. Cy for 
decoded outputs. 





0 Typ.; 0.05 Max. 
4.95 Min.; 5 Typ. 


9.95 Min.; 10 Typ. 


(v) 

| 6 

[10 | 

fz 

[10 | 

| 6 | 

10 | 

Ra 1.5 Min.; 2.25 Typ. 
| 10 | 3 Min.; 4.5 Typ. : 
ls | 1.5 Min.; 2.25 Typ. 
| 10 | 3 Min.; 4.5 Typ. 
Za 

| 10 | 

| 5 | 

| 10 | 

| 6 | 

| 10 | 

6 | 

| 10 | 

| 6 | 

[10 | 

| 5 | 








O Typ.; 0.05 Max. 
Vv 












Inputs High, 
VNH 











Inputs Low, 
VNML 
Inputs High, 

















VNMH r 1 | 
LO. | | 0.16 | 0.24 | 0.12 | 0.09 | 0.08 | 0.24 | 0.06 | 0.06 | 
caret poumuss [0.5 | = | 10 | 0.32 | 06 [0.25 | 0.18 | 0.15 | 06 | 0.12 | 0.1 | 
isin) | Cory (08 |—- | 6 [012 [ 04 [ors] 01 ooas| 04 | 008 | 0.06 | 
UN Rack CO a ee ee 
P-Channel |Decoded| 4.5 | | -0.21 | -0.28 |-0.14| 0.1 | -0.09 | -0.28 | -0.07 | -0.06 | 
(Source), | Ovrputs['a6 | - | 10 | -o48 | -06 | -0.3 [-0.22 | 02 | -o6 [0.16 [0.13 | 
Cary [45|-| 5 | 0.12 | -04 |-0.16| -0.1 |-0.095] -0.4 |-0.08 
Output 19.6 |~ | 10 | 045 | -+_|-0.36]-0.26 | 0.3 | -1 | 0.24 | -0.2 | 





Current, 
te MH 


Any Input 
as ae es 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t, , ty = 20 ns, Cy = 15 pF, 
Ry = 200 k2 


LIMITS 


D, F,K,H E 
Packages Package UNITS 


















TEST 
CONDITIONS 






CHARACTERISTIC 






CLOCKED OPERATION 





Propagation Delay Time; 
tPLH. tPHL 
Carry Out Line 


Decode Out Lines 








Transition Time; 


tTHL- tTLH 
Carry Out Line 


Decode Out Lines 


Maximum Clock {nput 
Frequency, fo,“ 






Min. Clock Pulse Width, 


tw 
Clock Rise & Fall Time; 
teCL, teCL 
Min. Ciock Inhibit Set 
Up Time, ts 
Average Input 
Capacitance, Cy 
RESET OPERATION 


Propagation Delay Time: 
tPLH. tPHL 
To Carry Out Line 


GSC O0C J 
SPP EERE PED T 
: 

PARES: 


- 
od 
aw 


~ 
[a 


Any Input 














To Decode Out Lines 


Min. Reset Pulse Width 
tw 

Min. Reset Removal 

Time 


4 Measured with respect to carry out line. 





Yoo 


oo. TEST PEFORMED WITH THE FOLLOWING 
SEQUENCE OF °1"6 2NO °O"s AT EACH INPUT 


INPUTS. OUTPUTS 





$3 S435 
Yoo" "nH oo 0 
Noe + 1o°0 
Vn i ot 
tre 
: ECT PIN 14 
NOTE: 
Vss TEST ANY COMBINATION Se aati 
OF INPUTS 
928-2766! 


Fig. 14 — Noise immunity test circuit. Fig. 15 — Quiescent-device-current test circuit. 











CD4026A, CD4033A Types 


















































° 10 20 30 40006650 60 70 60 
LOAD CAPACITANCE (0. }—~ oF 
S2C$-17079RI 


Fig. 11 — Typical transition time vs. Cy, for 
cerry output. 




















AMBIENT TEMPERATURE (Tg) = 25°C 
LOAD CAPACITANCE (C, 1°15 pF 



































MAXHAUM INPUT CLOCK FREQUENCY {ICL mg) Moz 


° 3 


C) 
SUPPLY VOLTS {Vpp? 
‘92C$-18087 


Fig. 12 — Maximum input clock frequency vs. 
Vop. 
































\ 10 vt o w* 
INPUT CLOCK FREQUENCY te) — ae 
92Cs-17e29" 


Fig. 13 — Typical dissipation characteristics. 


Yoo 


inPuTSs 
Yoo NOTE: 
MEASURE INPUTS. 
SEQUENTIALLY, 
ss TO BOTH Vp ANO Vgs- 
CONNECT ALL UNUSED 
WPUTS TO EITHER 


Yoo OF Mss 
Vss 


9239-27002 


Fig. 16 — Input-leakage-current test circuit. 
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CD4027A Types 


CMOS Dual J-K Master-Slave Flip-Flop 


The RCA-CD4027A is a single monolithic 
chip integrated circuit containing two iden- 
tical complementary-symmetry J-K master- 
slave flip-flops. Each flip-flop has provisions 


The CD4027A is useful in performing con- 
trol, register, and toggle functions. Logic 
levels present at the J and K inputs along 
with internal self-steering control the state 


for individual J, K, Set, Reset, and Clock in- 
put signals. Buffered Q and Q signals are 
provided as outputs. This input-output ar- 
rangement provides for compatible opera- 
tion with the RCA-CD4013A dual D-type 
flip-flop. 


of each flip-flop; changes in the flip-flop 
state are synchronous with the positive-going 
transition of the clock pulse. Set and reset 
functions are independent of the clock and 
are initiated when a high level signal is pres- 
ent at either the Set or Reset input. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tstq) Sts cia Rita nese Mone Ne Tec Tease dae caleeal -65 to +150°C 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D,F,K,H 1,1... cee ee ee eee -55 to +125°C 

PACKAGE TYPEE | oak xe hehe Se eR Ae ia hee ARES ON Oe CRS -40 to +85°C 
DC SUPPLY-VOLTAGE RANGE, (Vop) 

(Voltages referenced to Vgg Terminal): 2... 0... 000020 Soha asdres bridtei.eo 1 eee -0.5 to +15 V 
POWER DISSIPATION PER PACKAGE {Pp): 

FOR Ta = -40 to +60°C (PACKAGE TYPE E) 6. ee ee ee ees 500 mw 

FOR Ty = +60 to 485°C (PACKAGE TYPE E)  ....... Derate Linearly at 12 mW/C to 200 mW 

For Ty = -55 to +100°C (PACKAGE TYPES D, F, K) . 0... eee cece cece e een e cence een eee 500 mW 

For T, = +100 to +125°C (PACKAGE TYPES D, F, K) .....-.. Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta, = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)...... 100 mw 
INPUT VOLTAGE RANGE, ALLINPUTS... 0.0... 00 eee eee ee et tes -0.5 to Vpp +0.5V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. 2.6... ee eee +268°C 


RECOMMENDED OPERATING CONDITIONS at 7, = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ae eee 














CHARACTERISTIC 0, F,K,H 


PACKAGES 


Supply-Voltage Range (For Ta= Full 
Package-Temperature Range) 


Data Setup Time, tg 


Clock Pulse Width, ty 





Clock Input Frequency (Toggle 
Mode) fo, 


ine eee ees ual ee Bee ee rs 
. 5 200 


*If more than one unit is cascaded in a parallel clocked operation, tel shoutd be made less than or equal to 
the sum of the fixed propagation detay time at 15 pF and the transition time of the output driving stage 
for the estimated capacitive load. 
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92C8 - 1718781 


CD4027A 
FUNCTIONAL DIAGRAM 





These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Features: 

@ Set-Reset capability 

® Static flip-flop operation—retains state 
indefinitely with clock level either 
“high’’ or “low” 

® Medium-speed operation—10 MHz (typ.) 
clock toggle rate at 10V 

® Quiescent current specified to 15 V 

s Maximum input leakage of 1 ZA at 15 V 
(full package-temperature range) 


® 1-V noise margin (full package-tempera- 
ture range) 


Applications 
@ Registers, counters, control circuits 





AMBIENT TEMPERATURE (Ta) = 25°C 
TYPICAL TEMPERATURE COEFFICIENT! 
30] FOR Ipe-0.3%7°C 








|ATE - TO- SOURCE VOLTS (Vg)! 





20: 






































DRAIN MKLIAMPERES (Ip? 






































° 3 rr} cry 


DRAIN — TO — SOURCE VOLTS (V¥pg) 
B23 -17800 


Fig. 1 ~ Typical n-channef drain characteristics. 

















STATIC ELECTRICAL CHARACTERISTICS 


LIMITS AT wotenTen Tewrenarunes TEMPERATURES (°C) 
CONDITIONS TD F, K, H PACKAGES 
[E PacKace | rg 


CHARACTERISTICS 
(v} 
fi = be =| 
pet reat hat esr. | 
[o5| 25 | [as 








Quiescent Device i 
Current, I Max. 
[| [is [2s | 
Output Voltage: |- [os] 5 | 6 Types Und 
Low Level, a aT 
jax 
Vou [= [ord ro | e 
winter — | [oss | 
4. 









5 Typ.; 4.95 Min, Vv 
You 10 Typ.; 9.95 Min. 


Noise Immunity: 





2.25 Typ.; 1.5 Min. 
4.5 Typ.; 3 Min. 


Inputs Low 


vi gees 1S 
Inputs High low |- | 
Hu Ea 


Noise Margin: 
Inputs Low. 


Vit Ae eee eee 


Inputs High, 
ViuMH 1 Min. 


Output Drive 
Current: 
N Channel 0.35 | 0.35 _ = 
(Sink), 0.75 | 0.72 3 5 
iat uae feats 


P-Channel 0.178 -0.17 -0.1 
(Source): 


orn mi topesietstepab a 








2.25 Typ.; 1.5 Min. Vv 
4.5 Typ.; 3 Min. 














Input Leakage 
Current, 








15 +107 Typ., £1 Max 


ye. ase 























« RESET 
AAO 
a cu 
Peas > Ss 
Yop 


* ALL INPUTS ARE 





PROTECTED ay Vs 
COS/MOS PROTECTION LOGIC | ¢HiGH LEVEL 
NETWORK LOSIC O+ LOW LEVEL 92CM.17188A4 


x + Dow T cane 
Fig. 2 —Logic diagram & truth table for CD4027A 
(one of two identical J-K flip flops}. 


CD4027A Types 


DRAIN ~ TO - neous VOLTS (Vpg! 
> ~3 








-5 
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r) 














U 
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i 
2 
Ss 


GATE - TO - SOURCE VOLTS (Vgg) * - 15 
































(92) SaB3aNvITUN NIVEG 





AMBIENT TEMPERATURE (Ta) * 25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR Ip?-0.3 % / °C 


9205-17801 


Fig. 3 — Typical p-channel drain 
characteristics. 





AMBIENT TEMPERATURE (T,) * 25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR Ip*-0.3% /*C| 
1 

































































GATE - TO - SOURCE VOLTS (Vgg) = 15 
Blas! 
10) CERAMIC PACKAGES == 
5 PLASTIC PACKAGES ——= 
2 sv 
Zon 
z 
i: 
10v 
25) 
L s 
° 25 & cs] wo 25 s 


ORAIN — TO — SOURCE VOLTS {Vpg) 
s2cs-)7055 


Fig. 4 — Minimum n-channel drain 
characteristics. 


<IS_ +123 -0 -78  -s -25 


CERAMIC PACKAGES —= 
PLASTIC PACKAGES =—— 


















































: ~208 
7 2 
er E 
i 
GATE - TO- SOURCE WATS {Vag} * -18, 5 g 
4 
AMBIENT TEMPERATURE (Ta)* 25°C eal 
TYPICAL TEMPERATURE COEFFICIENT oy 
FOR Ips -0.3 %/% 2 
-75 
DRAIN - TO - SOURCE VOLTS (Vo) veces - 17806 


Fig. 5 — Minimum p-channel drain 
characteristics. 


RAGAERT TEMPERATURE (7a): 28°C 
TYPICAL TEMPER eFCIENT Fon 
ALL VALUES OF yoor03 


teu trae 
g 


! 
i 
i 
i 
i 





b 2 3 400 908070 8 
LOAD CAPACITANCE (C\)—pF ‘2c3-19099 


Fig. 6 — Typical propagation delay 
time vs. C;- 
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CD4027A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 
at qt = 25°C, Input ¢ 


ee ty = 20 ns, Cc, = 15 pF, Ry = 200kQ2 


Leos | F,K,H 
- 


re nn ni 
200 | 400 150 
100 | 200 
Set to OQ or Reset to O, el ela 
‘PLH 1 oe ela 
Set to G or Reset to Q, fe 175 
tPHE 110 150 
Transition Time 75 | 125 
tTHL. tTLH 50] 70 


Maximum Clock Input 














CHARACTERISTIC UNITS 












Propagation Delay 
Time: Clock to Q 
or Q Outputs 


tPHL, tPLH 





















Frequency (Toggle 
Mode)fo._ 


Minimum Clock Pulse 165 | 330] - 
Width tw 110 
Minimum Set or 125 | 200 | ve 
pan Pulse Width , 120 
acaR Data Setup 70 } 150 70 
Time, tg 25} 50 25] 75 
“Te eu HeGEeenes 
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TIME CE HEL 
Average Input 
Capacitance, Cc nae 
v 


INPUTS ouTPUTs 


Yoo" ¥nx 
Noe * 
° Z 
YN 


NOTE 
TEST ANY ONE INPUT, VSS. 
WITH OTHER INPUTS AT ares 27400 
Vpo OF Vss 


Yoo 


Fig, 10 — Noise immunity test circuit. Yoo 


& 


Yoo 


IWPUTS 
NOTE 
MEASURE INPUTS 
ae Oo SEQUENTIALLY, 
Ves TO BOTH Vpn AND Vgg- 
CONNECT ALL UNUSED 
SPUTS TO EITHER 


Yoo O Vss- Vs 
Ys 2¢8- 2740) 


e203- 27407 


Fig. 11 — Input leakage current test circuit. 
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Fig. 12 — Quiescent device current test circuit. 















AMBIENT TEMPERATURE (Ta)# 25° 
TYPICAL TEMPERATURE | CoerricienT FoR 
ALL VALUES: es 









H 





TRANSITION TIME (yi > tTLy)—Ae 





LOAD CAPACITANCE {¢.)—; 


s8ca-i9000 


Fig.7 — Typical transition time vs. CL. 














MAXIMUM CLOCK FREQUENCY (tc, MAXI— MH 





SUPPLY VOLTS (Vop) 92cs-19098 


Fig.8 — Typical maximum clock input frequency 
vs. supply valtage, 
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CLOCK FREQUENCY (foi }~He 
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9209-30058 


Fig.9 — Typical dissipation characteristics. 


Vop O.1nF 






Nouthoun 


92CS-3606! 


Fig. 13—Dynamic power dissipation test 


circuit. 














CMOS 


BCD-to-Decimal Decoder 


The RCA-CD4028A types are BCD-to- 
decimal or binary-to-octal decoders consist- 
ing of pulse-shaping circuits on all 4 inputs, 
decoding-logic gates, and 10 output buffers. 
A BCD code applied to the four inputs, A to 
D, results in a high level at the selected one 
of 10 decimat decoded outputs. Simitarly, a 
3-bit binary code applied to inputs A 
through C is decoded in octal code at output 
0 to 7. A high-level signal at the D input 
inhibits octal decoding and causes outputs 


0 through 7 to go low. If unused, the D 
input must be connected to Vss. High drive 
capability is provided at ajl outputs to en- 
hance de and dynamic performance in high 
fan-out applications. 

These types are supplied in 16-!ead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat package 

(K suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Vafues: 


STORAGE-TEMPERATURE RANGE (Tq) 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K,H 
PACKAGE TYPE E 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages references to Vgg Terminal) 
POWER DISSIPATION PER PACKAGE (Pp): 
FOR Ta = -40 to +60°C (PACKAGE TYPE E) 
FOR Ta = +60 to +85°C (PACKAGE TYPE E) 


For T, = -55 to +100°C (PACKAGE TYPES D, F, K) 
For Ty = +100 to +125°C (PACKAGE TYPES D,F,K). . . - 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


ba eine Pao hte yee Ae opted -€5 to +150°C 


MER ES Se le WS ge ue -55 to +125°C 
Dssb hs hag ch ema nta desae Dipie detalii deaten. we -40 to +85°C 


eRe aaa Me UPS OR, ae eerie gies O05 to +15V 


oye pie SE eluate Jehfec canter rid cal Jas wine watae, © 500 mw 


Sap Gece ey rer betaie OSE eee ed a care VESE so 500 mW 


Derate Linearly at 12 mW/°C to 200 mw 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ....... 100 mw 


INPUT VOLTAGE RANGE, ALL INPUTS 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. ..........0005 +265°C 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 





CHARACTERISTIC 


Supply-Voltage Range (For Ta=Fult 
Package-T emperature Range) 


AabRNT TeupeRATURE (iy) + 2B 
Tyeicac Teupenatune CSEFFICIENT FoR 


ORAIN MILLIAMPERES (15) 








20 
ORAIN-TO~ SOURCE VOLTS (Vg? 


92¢$-19098R1 


Fig. 1 — Typical output n-channel drain 
characteristics. 








ausienT TEMPERATURE TTnesee 
TYPICAL TEMPERATURF COEFFICIENT 
FOR ALL MOVES OF wes 8 aR 


Fig. 2 — Typical ouqput p-channel drain 
characteristics. 


CD4028A Types 


11 OF 10) 


P2CS- 1dr 


CD4028A 
FUNCTIONAL DIAGRAM 





Features: 


BCD-to-decimal decoding or binary-to-octal 
decoding 
High decoded output drive capability. . . 
.. 8 mA (typ.) sink or source 
“Positive logic” inputs and outputs. . . 
... decoded outputs go high on selection 
Medium-speed operation . . 
-- tTHL, tTLH = 30 ns (typ.) @ Vpp = 10 V 


Quiescent current specified to 15 V 
Maximum input leakage current of 1 yA 
at 15 V (full package-temperature range) 
1-V noise margin (full package-temper- 
ature range) 


Applications: 


Code conversion 

Address decoding—memory selection 
contro! 

Indicator-tube decoder 


AMBIENT TEMPERATURE (Tai e 25°C - + 
Re TEMPERATURE rosea 3 peaay 


FOR ALL VALUES OF Vp9°0 3 %/ 





o na “0 LJ wn» wo 6 61200=«C 
LOAD CAPACITANCE (C,)— pF 
92CS-19100, 
Fig. 3 — Typical propagation delay time 
vs. Cy. 
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CD4028A Types 








ALL INPUTS ARE 
PROTECTED BY 
COS/MO$ PROTECTION 
NETWORK 9ZCM-I72R2 


Vss 
Fig. 4 — Logic diagram. 


STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C} 


CONDITIONS : 


Snlien | 
Seca CA ICBR IS 













CHARACTERISTIC 








Quiescent Device 
Current,1L Max. 







Output Voltage: 
Low-Level, 
VOL 


High Level 
VOH 







0 Typ.; 0,05 Max, 


|-| 5] 5 

Pee [thie J 

| - | | 5 | 4.95 Min.;5 Typ. ¢ 
— {hs 9.95 Min.; 10 Typ. 

Jaz] —-[ 5] 15 Min:225tv 


cs 


fea]-[s[tannveasve | 
Fs 


ce. 


[1 | = | 10 | 
EEE jst |) | 


Pie [ea] v2 [oe [07 
eet =l sar Lan ea 
[= [ee foe 


a a ef] 


+10°5 Typ., £1 Max. 

















Noise Immunity: 
Inputs Low, 
VNL 








Inputs High 
VNH 











Noise Margin: 
Inputs Low, 
VNML 








Inputs High, 
VNMH 


Output Drive 
Current 
N-Channel 
(Sink), 
ION Min. 


P-Channel 
(Source), 
IpP Min. 

























Input Leakage 
Current, 
Ne NH 
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TABLE | — TRUTH TABLE 




























































[oceajo123456789 
0000\1000000000 
o001lo100000000 
001 0j0010000000 
001110001000000 
0100/0000100000|) 
0101/0000010000 
0110)0000001000 
0111;/0000000100 
1000/0000000010 
1ootloo00000001 
1010/0000000010 
1011/0000000001 
1100/0000000010 
1rieiloaoooaocacaorl{ ** 
1710/0000000010 
1141/0000000001 
% WHERE | = HIGH LEVEL 


0 = LOW LEVEL 


%*% EXTRAORDINARY 
STATES 













AMBIENT TEMPERATURE (Ty) 25°C 


TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF ¥p9 +0 3 %/*C 


is ty } 





LOAD CAPACITANCE (CL) ~ PF 
92CS- 19101 
Fig. 5 — Typical transition time vs. Cy. 


AMBIENT TEMPERATURE (Ty}=25°C 






































Fd LOAD CAPACITANCE (C, 1+15 oF 
= 
= 800 
400) 
i 
g 
40. 
E 4g 
O40, 
200) 403,840, 
100) 
+ 
of 
C) s 0 1s 20 


SUPPLY VOLTS{V9p) 
92CS-19OZA 


Fig. 6 — Maximum propagation delay time vs. 
Vop. 








T 






Yop 10 ¥ 
Co (ALL OUTPUTS : 5 pF 








tet ys 2008 
cf FAUL INPUTS? 


POWER DISSIPATION PER PACKAGE (P1)— ,w 
{QUIESCENT + DYNAMIC) 













—_owe os 
10? to" 10% lo" “on 
FREQUENCY (f)— He 





9ICS 17297 


Fig. 7 — Dissipation vs. input frequency. 








DYNAMIC ELECTRICAL CHARACTERISTICS 


at TA = 25°C, Input tr, tf = 20ns, Cy = 15 pF, Ry = 200kQ 







TEST 
CONDITIONS 









CHARACTERISTIC 


Propagation Delay 
Time; 
tPLH, tPHL 


Transition Time; 
tTHL. tTLH 


Average Input 
Capacitance, Cj 


INPUTS 








A 8 € D) 
CO4028A 





C04028A 
o123456789 





O12345$6789 


6 9 10 1b 12 13:14 1S 


——— 


92CS-17293R2 


o1234567 





“6 OUTPUTS 


Fig. 8 — Code conversion circuit. 


LIMITS 


PACKAGES 













D, F, K, H 


The circuit shown in Fig. 9 converts any 4- 
bit code to a decimal or hexadecimal code. 
Table 2 shows a number of codes and the 
decimal or hexadecimal number in these 
codes which must be applied to the input 
terminals of the CD4028A to select a partic- 
ular output. For example: in order to get a 
high on output No. 8 the input must be 
either an 8 expressed in 4-Bit Binary code, a 
15 expressed in 4-Bit Gray code, or a 5 ex- 
pressed in Excess-3 code. 


TABLE 1! — CODE CONVERSION CHART 


INPUT CODES 








CD4028A Types 


vr 
1 OF 10 
NUMERALS 


aco 
INPUTS cosozea 


O-NUBAOVEaD 





&@ (Trademark) Burroughs Corp. 9205 - 1729580 


TUBE REQUIREMENTS: 


04336716 
84032 
Ba02) 


TRANSISTOR CHARACTERISTICS 





Lechags with wonestor cutoff <0 05mA 
Vieniceo 2 70V 


Fig. 9 — Neon readout (Nixie Tube*) 


display application. 
Yoo 
vi 
(MPUTS, 
° 
Ves 
Vss 
p2CS- 27401 


Fig. 10 — Quiescent-device-current 


test circuit. 
Yoo 
INPUTS, oureuTs 
Yoo" Yun 
Noe uv 
e 4 
VAL 
NOTE 
Vss TEST ANY COMBINATION 
OF 1NPUTS 
9203-27441 


Fig. 11 — Noise-immunity test circuit. 


INPUTS 
Yoo NOTE 
SG) MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Vop AND Veg 
CONNECT ALL UNUSED 
INPUTS TO EITHER 


Yoo on Vgs 
ss 


92C8- 27002 


Fig. 12 — input-leakage-current test circuit. 
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CD4029A Types 


CMOS Presettable Up/Down Counter 


Binary or BCD-Decade 


The RCA-CD4029A consists of a four-stage 
binary or BCD-decade up/down counter with 
provisions for look-ahead carry in both 
counting modes. The inputs consist of a 
singe CLOCK, CARRY-IN (CLOCK INHI- 
BIT), BINARY/DECADE, UP/DOWN, PRE- 
SET ENABLE, and four individual JAM sig- 
nals and a CARRY OUT signal are provided 
as outputs. 


A high PRESET ENABLE signal allows 
information on the JAM INPUTS to preset 
the counter to any state asynchronously with 
the clock. A low on each JAM line, when the 
PRESET-ENABLE signal is high, resets the 
counter to its zero count. The counter is 
advanced one count at the positive transition 
of the clock when the CARRY-IN and PRE- 
SET ENABLE signals are low. Advancement 
is inhibited when the CARRY-IN or PRESET 
ENABLE signals are high. The CARRY-OUT 
signal is normally high and goes low when 
the counter reaches its maximum count in 
the UP mode or the minimum count in the 
DOWN mode provided the CARRY-IN sig- 
nal is low. The CARRY-IN signal in the high 
state can thus be considered a CLOCK 
INHIBIT. The CARRY-IN terminal must be 
connected to Vgg when not in use. 


Binary counting is accomplished when the 
BINARY/DECADE input is high; the counter 
counts in the decade mode ‘vhen the BI- 
NARY/DECADE input is low. The counter 
counts Up when the UP/DOWN INPUT is 
high, and Down when the UP/DOWN INPUT 


Features: 
@ Medium speed operation . . . 5 MHz (typ.) 
@ C, =15 pF and Vpp—Vsg=10 V 


@ Multi-package parallel clocking for synchronous 


high speed output response or ripple clocking 
for stow clock input rise and fall times 


®S “Preset Enable” and individual “Jam” inputs provided 


@ Binary or decade up/down counting 
BCD outputs in decade mode 


Quiescent current specified to 15 V 
Maximum input leakage current of 1 uA 
at 15 V (full package-temperature range) 
® 1-V noise margin (full package- 
temperature range) 


Applications: 

®& Programmable binary and decade 
counting/frequency synthesizers-BCD output 

= Analog to digital and digital to 

analog conversion 

Up/Down binary counting 

Magnitude and sign generation 

Up/Down decade counting 

Difference counting 


is low. Multiple packages can be connected 
in either a parallel-clocking or a ripple- 
clocking arrangement. 


Parallel clocking provides synchronous con- 
tro! and hence faster response from all 
counting outputs. Ripple-clocking allows for 
longer clock input rise and fall times. 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


RECOMMENDED OPERATING CONDITIONS at T,=25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so 
that operation is always within the following ranges: 


CHARACTERISTIC 


Vpop 


LIMITS 


D,F,K,H 
Packages 


E 
Package 


(v) | Min. [ Max. [ Min. | 








“From Up/Down, Binary/Decode, Carry In, or Preset Enable Control Inputs to Clock Edge 
ws more than one unit is cascaded in the parallel clocked application, Cb should be made 
less than or equal to the sum of the fixed propagation delay at 15 pF and the transition 

time of the carry output driving stage for the estimated capacitive load. 
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BINARY / 
DECADE 


fay 
ry 
« 
wo 
w 
rs 
2 


9208-I7190R2 


CD4029A 
Functional Diagram 











PROPAGATION DELAY Titi New. *leix)— as 





TAMIENT TEMPERATURE (Tq)* 25°C. 
| TYPICAL TEMPERATURE COEFFICIENT FOR ALL WALUES 





PROPAGATION DELAY TIME (Ypyq © tp yg) — ne 





rr rr a a) 
LOAD CAPACITANCE (C,)— oF 


92C8- 19108 


Fig. 1~ Typical propagation delay time vs. 
C, for Q outputs, 





AMBIENT TEMPERATURE (Tai? 29°C 




















‘e0 
LOAD CAPACITANCE (C,)— pF 
92c8-19108 


Fig. 2— Typical propagation delay time vs. 
C, for carry output. 





AMBIENT TEMPERATURE (Ta 259°C Ef 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF Vpn * 0.3 ®/%C 



















TRANSITION TIME (tyHL trey! — os 


“ow 
LOAD CAPACITANCE tC, 1 — pF 


92¢s-19107 


Fig. 3- Typical transition time vs. Cc, 
for Q outputs. 














MAXIMUM RATINGS, Absolute-Maximum Values: 







STORAGE-TEMPE RATURE RANGE (Tyeq) ponthch gh ooh ie Nah Loe tek geo knee orale pea ate ante —65 to +150°C 
OPERATING-TEMPERATURE RANGE (Ty): 
PACKAGE TYPES 0, F,K,H ooo... ccc cee eet teen eet n nen neeee -55 to +125°C 
PACKAGE TYPE (Boo tceu Sng eed aa laa Sind een dhe ee hdl eteweetiddeta niles ee 40 to +85°C 
OC SUPPLY-VOLTAGE RANGE, (Vop) 
(Voltages referenced to Vgg Terminal) ©... 20.6.0 eee cece tec ete ene eee eee 0.5 to +18 V 
POWER DISSIPATION PER PACKAGE {Pp): 
FOR Ta=--40 to +60°C (PACKAGE TYPE E) oo... cece een eee nee 500 mW 
FOR T ,=+60 to 485°C (PACKAGE TYPE E)} .. Derate Linearty at 12 mW/°C to 200 mw 
For Ty = -55 to +100°C (PACKAGE TYPES D, F, K) ..-..... esse seer sees ee tee eee er ee eseees 500 mW 


For Ty = +100 to +125°C (PACKAGE TYPES D, F,K) ........ Derate Linearly at 12 mW/°C to 200 mw 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 


FOR Ta=FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES).......... 100 mW 
INPUT VOLTAGE RANGE, ALL INPUTS ......... 00.5000 ce eee cee ee eee 0.5 toVop 10.5 V 
LEAD TEMPERATURE (OURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. .....2.-..--05- +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Tq=25°C, Input t,.t¢=20 ns, 


C_=15 pF, Ry =200 k 
TEST LIMITS 


CONDITIONS D, F, K,H 
Voo Packages 
(v)_[Min-[ Typ. [Max [in| Typ.[ Max. | 
Ctocked Operation 


Propagation Delay Time: 
tepHL- tPLH 5 325 325 | 1300 


Q Outputs | to | - [115] 230] — | 115] 460 | 
[aso { — [4251 1700) 
| 600 | 


CHARACTERISTIC 





Carry Output 


Transition Time: 
TTHL: "TLH 
Q Outputs 
Carry Output 

Minimum Clock Pulse 
Width, tw 

Clock Rise & Fatl Time, 
teCL, teCL** 

Minimum Setup Times, 
ts 

Maximum Clock Input 
Frequency, fo. 


= 


= 
a 


a 


| = | 
ee 
a 
pas 


Any Input 


Input Capacitance, C, 


ce 
ice 


3 : 
ni = 
N 


Preset Enable 
Propagation Delay Time: 


tPHL tPLH 
Q Outputs 


f=) 


PP 


Carry Output 
Minimum Preset Enable 

Pulse Width, ty 
Minimum Preset Enable 

Removal Time 
Propagation Delay Time: 


tPHL tPLH 
Carry Output 


10 


10 





| 
a 


For footnotes, see Recommended Operating Conditions. 





CD4029A Types 


AMBIENT TEMPERATURE (q\-29C 
TYPICAL TEMPERATURE COEFFICIENT 
| POR ALL VALUES OF V9". 3 R/C 


TRANSITION TAME (8 rig styun! — 90 





o 0 6 HO Ol MOCO 
LOAD CAPACITANCE (C,1— pF 
92C$-19108 


Fig. 4—Typical transition time vs. Cy 
for carry output. 




















:}¢b402940, 
aiCOs0z9aK 























































































: 
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MAXIMUM CLOCK FREQUENCY (ICL wax) Mette 





















































° 5 «0 ry 228 30 
SUPPLY VOLTS (Vpp! 
9208-19109 


Fig. 5- Maximum clock input frequency 


vs. Von. 
Yoo 
Yoo 
inPUTS 
o 
Vss 
ss 


S2CS-a7a01 


Fig. 6 ~ Quiescent-device-current 


test circuit. 
Yoo 
(NPUTS QurPuTs 
Yoo" Yn 
Se + 
° 
VAL a 
NOTE: 
YEST ANY ONE INPUT, YSS 
WITH OTHER IMPUTS aT S2C3- 27000 
Voo OR Vss- 
Fig. 7—Noise-immunity test circuit. 
Yoo 
INPUTS 
Yoo 
°°” C) 
Vss 
NOTE 
MEASURE INPUTS. 
SEQUENTIALLY, Vgs 


TO BOTH Vpp AND Vgg- 
CONNECT Ait UNUSED 
INPUTS To E:THER 


Voo OF Veg: 9205-27002 


Fig. 8 input-leakage-current test circuit. 
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CD4029A Types 

































































STATIC ELECTRICAL CHARACTERISTICS Toe [AMBIENT TEMPERATURE (Tq 125°C i T roth 
INPUT 3, ty #20 ns. uy id on 
: fouy 
Limits at Indicated Temperatures (°C) : 0 ; | t 
A {. tf +4 bai 
Characteristic Es to opity ft { wy : 
é » ee = 
Qui z - i 7 Ea 
uiescent 5 i es 
. a : == age 4 Shisrt by 
Device 3 = = = ina las us 
Current, ; 0 aoe 
\ Max SDeccpoor ACL IS pF 
L F oT. (ad ees, at 5 He 
: por CLOCK faite ICY Ife) we 0: 
Voltage: ees TTT) Seelraet 
Low- t 0. . ; 
ow: Level, ; we a a a Fig. 9—Typical dissipation characteristics. 
yo.; 0. ax. 
4.95 Min.; 5 Typ. f eae ae oe | 








fo | s 
| -_| 10 9.95 Min.; 10 Typ. | 
F “CLOCK UP" 
Noise “UP/DOWN” 
Immunity : | | 
Inputs Low, | 4.2 5 1.5 Min.; 2.25 Typ. | geo | 


VNL ) of - | 10 | 3 Min.; 4.5 Typ. “CLOCK DOWN” 


1.5 Min.; 2.25 Typ. | 


jt | - [ 10 3 Min.; 4.5 Typ. | | 
7 2 1 CDaOIIA 
Noise [__ QUAD 2 INPUT NAND GATE) gc ripen 
Margin: ; PNET ae ne ta ter 
Inputs Low, | 4.5 5 ; Fig. OT ae Ais ee 
input signals to clock and up/down 
VNML | 9 | 10 u input signals. 
10.5 | 8 
10 : 





"cLock" 











Inputs High, 
VNMH 
Output 
Drive Cur- 
rent: 
N-Channel 
(Sink), IDpN 
Min. 











The CD4029A CLOCK and UP/DOWN inputs 
are used directly in most applications. In 
applications where CLOCK UP and CLOCK 
DOWN inputs are provided, conversion to 
the CD4029A CLOCK and UP/DOWN inputs 
can easily be realized by use of the circuit 


O Outputs 2 - “ : : ‘ shown below. 


: 2 : a - - n CD4029A changes count on positive transi- 
Carry Out- . : . tions of CLOCK UP or CLOCK DOWN 
put F i : E inputs. For the gate configuration shown 
P-Channel below, when counting up the CLOCK DOWN 
(Source) input must be maintained high and conversely 
re when counting down the CLOCK UP input 

IpP Min. must be maintained high. 


Q Outputs ; ; ; i E Let sate jrely lola 
ev} -y 
Carry Out- ; ; : re of a ace a 
x10 
i] 
a | 
Q 


f 
pt : - - - = x [xfoyr lr] 
input ae “x fofe i 
Leak age t Vi vyx 


NC -NO CHANGE TE- 
Current, HANG! TOGGLE ENABLE 


Noe 








ey 
r 

























































































































































































































































eae dee PES 
* Os3 301g Te Q 
AINARY/ cl 
DECADE 
: = 
x 3 
PRESET 
ENABLE 
1Oo- 3 
X-DON'T CARE 
| = 
contro | Logic a 
INPUT LEVEL ACTION 
* ke CARRY BIN/OEC 1 BINARY COUNT 
prorecteo BY ae OUT (870) ° DECADE COUNT 
i Pop, fete eiate teed ate eee eS 
Oe Ont UP/DOWN ' uP COUNT 
‘ (CLOCK { iu70) 0 OOWN COUNT 
ae | PRESET ENABLE f JAMIN 
(PE) ° NO JAM 
: NO COUNTER 
ADVANCE AT POS 
cuRay nee f CLOCK TRANSITION 
ehatsh (CLOCK INHIBIT) ° ADVANCE COUNTER 
* OR AT Pos CLOCK 
ieee TRANSITION 
* 15 OF = = 
acc -i7I9mS 
6 | 
* TRUTH TABLE FOR F-F Not sa TRUTH TABLE FOR F~F'S 2.3.4 


Fig. 11—Logic diagram. | 
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CMOS 
Quad Exclusive-OR Gate 


The RCA-CD4030A types consist of four in- These types are supplied in 14-lead hermetic 
dependent Exclusive-OR gates integrated on dual-in-line ceramic packages (D and F 
a single monolithic silicon chip. Each Ex- suffixes), 14-lead dual-in-line plastic pack- 
clusive-OR gate consists of four n-channel and age (E suffix), 14-lead ceramic flat package 
four p-channel enhancement-type transistors. ({K suffix), and in chip form (H suffix). 


All inputs and outputs are protected against 
electrostatic effects. 


MAXIMUM RATINGS, Absolute-Maximum Values 
STORAGE TEMPERATURE RANGE (Tota). ..-- se seee eens eee eeee eee eeer eee eeeeees = 65 to +150°C. 
OPERATING TEMPERATURE RANGE (Tq) 


PACKAGE TYPES D, F, K, Ho... cect cece ccc e cere eter eee e teen erereeeeeeenens — 55 to +125°C 

PACKAGE TYPELE® cis. ston ti vcgcarececeeatgie'e ele dre S42 o's 9. a1de 400s g stn dlecgiareiemiece gboihie’ parses vated — 40 to +85°C 
DC SUPPLY VOLTAGE RANGE (Vpn) 

(Voltages referenced to Vss MOMMA oscssiolaahasd Asche sees casi aleyayn ra, rcadeclevine me Oe Sh Lanes -0.5 to +15V 


POWER DISSIPATION PER PACKAGE (Pp) 
FOR T, = -40 to +60°C (PACKAGE TYPE E) . 
FOR Tp = +60 to +85°C (PACKAGE TYPE E) .......... 
FOR Ty = -55 to +100°C (PACKAGE TYPES D,F,K) .. 
FOR T, = +100 to +125°C (PACKAGE TYPES D, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 








FOR T, = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) ............ 100 mw 
INPUT VOLTAGE RANGE, ALL INPUTS ........ 0.0... cece eee eee ec en ere teeeene -0.5 to Vip 10.5 
LEAD TEMPERATURE (OURING SOLDERING) 

At distance 1/16 + 1/32 inch (159 + 0.79 mm) from case for 10s Max. .....-........02-0 200s +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, 


For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 










LIMITS 


O,F,K,H E 
Packages Package UNITS 
Supply Voltage Range (For Ta = Full 
Package Temperature Range) 3 12 3 12 Vv 
*ALL INPUTS ARE 1a 
PROTECTED BY 


COS/MOS PROTEC TION 
NETWORK 


Yoo 
2(8.9:2 
A\C.F.G 
Yss 












CHARACTERISTIC 














TRUTH TABLE FOR ONE OF n(o'ein) 
FOUR IDENTICAL GATES 


Boe Pp a) 


cna 


ALL P-CHANNEL SUBSTRATES 
ARE INTERNALLY CONNECTED TO Vop 
ALL N- CHANNEL SUBSTRATES 

WHERE “1° = HIGH LEVEL ARE INTERNALLY CONNECTED TO Veg 


“O" = LOW LEVEL 





e 2CS-192 


Fig.1 — Schematic diagram for 1 of 4 identical exctusive-OR gates. 


For quiscent device current, noise immunity, and input leakage current test circuits see “Rating and 
Characteristics” at the beginning of the CMOS section. 


CD4030A Types 


IADB L= EOF 
K=C@D Me G@u 


92C5 1741081 


FUNCTIONAL DIAGRAM 





Features: 


= Medium speed operation. . . 


- -tPHL = tPLH = 40 ns (typ.) @ Cy = 15 pF 
and Vpp-—Vss = 10 V 
Low output impedance. . . 
. . 500 & (typ.)} @ Vpp—Vsg = 10 V 
Quiescent current specified to 15 V 
Maximum input leakage current of 1 uA 
at 15 V (Full package-temperature range} 
1-V noise margin (full package-temper- 
ature range) 


Applications: 


Even and odd-parity generators 
and checkers 

Logical comparators 
Adders/subtractors 

General logic functions 


AMBIENT TEMPERATURE (Tg) +25 °C 


TYPICAL TEMPERATURE COEFFICIENT 
FOR Ip *-0.3 %/*C 












































DRAIN MILLIAMPERES (Ip) 








3 10 Icy 
DRAIN ~ TO- SOURCE VOLTS (Vpg) 
9268-903 
Fig.2 — Typical output n-channel 
drain characteristics. 


DRAIN-TO-SOURCE VOLTS V9) 














DRAIN MILLIAMPERES (Ip? 


8 





TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF Vpp*-O3%/*C 








‘928-bNaRT 


Fig.3 — Typical output p-channel 
drain characteristics. 
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CD4030A Types 


STATIC ELECTRICAL CHARACTERISTICS 






Limits at Indicated Temperatures (°C) 


| coon | D, F, K, H Packages E Package 


he a Vpo 
tv) 








Quiescent Device 
Current ly Max, 







Output Voltage: 
Low Level, 
VoL 
High Level 
VOH 
Noise Immunity: 
Inputs Low, 
VNL 

Inputs High 
VNH 
Noise Margin: 












4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 


Ps [stingers | 
[10 | 


3 Min.; 4.5 Typ. 









i GO Typ.; 0.05 Max. 











1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


a 
[10 | 
pet tm 



























= 
°o 


N NIX 
ro) NID 











tnputs Low, 

VNML [10 | 

Inputs High, | 5 |] 

YNMH 
Output Drive 


Current: 

N Channel 
(Sink) 

IDN Min. 
P Channel 
{Source}: 
IpP Min. 
Input Leakage 
Current 
'iL, HH 

















+1075 Typ., + 1 Max. 





DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input ty, ty = 20 ns, 
Cy = 15 pF, Ry = 200 k2 





LIMITS 


Characteristic Test Conditions D, F, K,H 
Packages 
(Vv) Typ. 
; 100 
Time: 
tPLH, tPHL 
Transition Time: 5 





Propagation Delay 





High-to-Low 
Level, tTHL 


Low-to-High | 5 | 
Level, tTLH | 10 | 


Average Input 
Capacitance, Cj Any Input 


1 
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TAMBIENT TEMPERATURE (Tg) «25°C : 
TYPICAL TEMPERATURE COEFFICIENT FOR * 
ALL VALUES OF Yog * “c 





































3 














3 
5. 














PROPAGATION DELAY TIME Itpin, tp, 



































eer 
20 40 60) «=O 100 20140160 
LOAD CAPACITANCE {C\) — oF 





° 








92C$-19115 


Fig.4 — Typical propagation-delay 
time vs. load capacitance. 


u AMBIENT TEMPERATURE (Tal 25°C 
LOKo, CAPACITANCE IC, tS OF 








SUPPLY VOLTS (Voo! 
yaey sur 


Fig.5 — Maximum propagation-delay 
time vs. supply voltage. 











ey AMBIENT TEMPERATURE (Ta) + 25°C ~F ii a i 


LOAD CAPACITANCE (CL) * 5 9F 
"1 ANPUT % voy Mins 


















DISSIPATION PER GATE (Pg) 





















































re rr 7 i 


YNPUT FREQUENCY ,) HE Besctaleh 


Fig.6 — Typical dynamic power dis- 
sipation characteristics. 










AMBIENT TEMPERATURE (Tg) = 25°C 
TYPICAL TEMPERAYURE COOFFICIENT FOR 
ALL VALUES OF Vog * 0.3% /°C 4 
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TRANSITION TIME (tym, tren) — Ae 











20°°-40~2~«GO BO 10012014060 
LOAD CAPACITANCE iC.) ~ pF 


Fig.7 — Typical transition time 
vs. load capacitance. 

















CMOS 64-Stage Static Shift Register 


The RCA-CD4031A is a 64-stage static shift 
register in which each stage is a D-type, 
master-slave flip-flop. 


The logic level! present at the DATA input is 
transferred into the first stage and shifted 
one stage at each positive-going clock transi- 
tion. Maximum clock frequencies up to 
4 Megahertz (typical) can be obtained. Be- 
cause fully static operation is allowed, 
information can be permanently stored with 
the clock fine in either the low or high state. 
The CD4031A has a MODE CONTROL in- 
put that, when in the high state, allows 
operation in the recirculating mode. Register 
packages can be cascaded and the clock lines 
driven directly for high speed operation. 
Alternatively, a delayed clock output (CLp) 
is provided that enables cascading register 
packages while allowing reduced clock drive 
fan-out and rise- and fall-time requirements. 


Data (Q) and Data (Q) outputs are provided 
from the 64th register stage. The Data (OQ) 
output is capable of drving one TTL or DTL 
load. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-iead dual-in-line plastic pack- 


age ({E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Features: 


® Fully static operation: DC to 4 MHz typ. 
@ Vop tad Vss =10V 

= Operation from a single 3 to 15 V positive 
or negative power supply 

® High noise immunity 

| Microwatt quiescent power dissipation: 
10 LW (typ.) for ceramic packages; 100 u.W 
(typ.) for plastic packages 


MAXIMUM RATINGS, Absofute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tgtgh . . . 


OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K,H 
PACKAGE TYPE E 

DC SUPPLY-VOLTAGE RANGE, (Vpp) 


Voltages referenced to Vgg Terminal): ....... 


POWER DISSIPATION PER PACKAGE (Pp) 
FOR Ta = -40 to +60. (PACKAGE TYPE E) 
FOR Ta = +60 to +85 C (PACKAGE TYPE E} 


FOR T, = -55 to +100°C (PACKAGE TYPES D, F, K) 

FOR T, = +100 to +125°C (PACKAGE TYPES D, F, kK) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) 
INPUT VOLTAGE RANGE, ALL INPUTS ....... 


LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 5 max. 


ptta a lost ene aera seats 65 to +150°C 


o Pisa yok gen Rahs oy -55 to +125°C 


40 to +85°C 
-0.5 to +15 V 


500 mW 


sl he Derate Linearly at 12 mW/°C to 200 mW 


x 500 mw 
Derate Linearly at 12 mW/ C to 200 mW 


100 mw 


Hail eas ee +265°C 


RECOMMENDED OPERATING CONDITIONS at T, = 25° C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 


Operation is always within the following ranges: 
LIMITS 


CHARACTERISTIC 


D, F, K, H 
Vpp PACKAGES 





Supply-Voltage Range (For Tay = Full 
Package-Temperature Range) 








Data Hold Time, ty 





Clock Pulse Width, tw 





Clock Input Frequency, fo, 





Clock Rise and Fall Time, trCL, t¢CL* 





“ If more than one unit is cascaded in the parallel clocked apptication, t-CL should be made less than or equat 
to the sum of the propagation delay at 15 pF and the transition time of the output driving stage. 








CD4031A Types 


NC = 3,4, 5,14, 12,13, 14 
92CS - 25050RI 


CD4031A 
FUNCTIONAL DIAGRAM 





Single phase clocking requirements 
Recirculation capability 
Data compatible with TTL-DTL 
Two cascading modes: 
Direct clocking for high-speed opera- 
tion 
Delayed clocking for reduced clock 
drive requirements 
® Quiescent current specified to 15 V 
= Maximum input leakage current of 1 uA 
at 15 V (full package-temperature range) 
@ 1-V noise margin (full package-tempera- 
ture range) 


Applications: 


@ Serial shift registers 
= Time delay circuits 





EMBIENT TEMPERATURE (Tale 25°C + 
TYPICAL TEMPERATURE COEFFICENT FOR 
ALL VALUES OF Vop*-0 3% /°C 





















CARE SHOULO BE TAKEN * 
NOT TO EXCEEO MAXIMUM | 
OFS SIPATION (200 new) * 


ORAIN MILLIAMPERES (Ip! 





DRAIN-TO-SOURCE VOLTS (Vpng) 


9205-19768, 


Fig. 1 — Typical and minimum output n-channel 
drain characteristics for Q output. 


ORAIN- TO-SOURCE VOLTS t¥ps! 





DRAIN MILLIAMPERES (1) 





TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF Vpp*-O3%7°C 








92C$-1nam 


Fig. 2 — Typical output p-channel drain character- 
istics for Q output. 
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CD4031A Types 


STATIC ELECTRICAL CHARACTERISTICS 


CHARACTERISTICS 


Quiescent Device 
Current, ty Max. 


Output Voltage: 0 Typ.; 0.05 Max 


BG 
von [= fre [ro [recone 
wot [- [O°] | aeswnste | 


Vou 1- [9 | 10 | 9.95 Min.; 10 Typ. 
fa2{- | 5 | 1.5 Min.; 2.25 Typ. 
| - [10 | 3Min.; 4.5 Typ. 


}- | 5 | 1.5 Min.; 2.25 Typ. 
10 | 3 Min.; 4.5 Typ. 


Noise Immunity: 
Inputs Low, 


VNNt 
Inputs High 
VN 
Noise Margin: 

inputs Low, 
VNML 
Inputs High, 
ViNMH 


Output Drive 
Current: 
N-Channel 
(Sink), 
































Input Leakage 
Current, 


New 








RECIRCULATION \ > 
RECIRC. 
[ o | 
[x | 


cl ne 
t ~ ce. cl 
cL ch 
TYPICAL STAGE TRUTH TABLE 
clo 
Input to Output is: 





X= OONT CARE 


Input 1 is "Low” and Control Input 2 is 





(a) A Bidirectional Short Circuit when Control 


Yoo 
Feu. inputs ARE 
PROTECTED BY panes 
cos / Mos: PROTEC TION No=NO CHANGE High 
X= DONT CARE oie Fi 
{b) An Open Circuit when Controt Input 1 is 
, “High” and Control Input 2 is “Low” 
92CS-19019R2 
ss Fig. 7 — Logic diagram and truth tables, 














AMBIENT TEMPERATURE (Tair 25°C 
TYPICAL TEMPERATURE COEFFIGENT FOR 








PROPAGATION DELAY TIME lipzu tpi I-a0 








40-30 700 
LOAD CAPACITANCE ICL! - pF 9208-19747 
LOAD CAPACITANCE OF O= IS pF 
Fig. 3— Typical propagation delay time vs. load 
capacitance for data outputs. 





0 





20 EC) 








AMBIENT TEMPERATURE (fais 25°C 
TYPICAL TEMPERATURE COEFFICENT FOR 
VALUES OF Vp9 +0 3%/%C 









PROPAGATION OEL AY TIME (py. vip_ a )-ne 








peypdepet Z 
i 20 30 40 SO. 60 70 BO 80 10 
LOAD CAPACITANCE IC, }- pF $ec$ tebe 





Fig. 4— Typical propagation delay vs. load capaci- 
tance for delayed clock output. 









































































































































T AMBIENT TEMPERATURE (Tal= 25°C 
TYPICAL TEMPERATURE COEFFICENT FOR [7 
ALL VALUES OF Vpp +0 3%/°C 
a TTT < 
= SUPPLY VOLTS {¥p 9} #10, 
cS H 4 thts. 4: 
= 24k 
e + 
5 ; Hts 
z +H 
F 200) ond 
cS sci eee 
” 8 
= lo 
i 

3 a ri 
= ag 
B 100 
4 a 
= 
£ 

5 



























































1m 2 w 40 30 C3 ko) 80 9 100 
LOAD CAPACITANCE (C,) - pF g2cs- 19749 
NOTE: tt_FOR © OUTPUT 1S SIGNIFICANTLY LESS THAN trun 
Fig. 5— Typical transition time vs. foad capaci- 
tance for data outputs. 





~ T AMBIENT TEMPERATURE ita) 25°C 
TYPICAL TEMPERATURE COEFFICENT FOR 
ALL VALUES OF Vpn tO 3% 726 







8 
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° 
3 





TRANSITION TIME (Ir yqy ot Tun) m8 














LOAO CAPACITANCE (Cyt BF 92c3- 19780 


Fig. 6 — Typical transition time vs. load capaci- 
tance for delayed clock output. 
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DYNAMIC ELECTRICAL CHARACTERISTICS ARBIENT TEMPERATURE 171° 25°C 
TYPICAL TEMPERATURE iT 
at Ta=25°C, Input t,,te=20 ns, C.=15 pF (uniess otherwise specified), Ry =200 k2 i, CVALUES OF Yop =O 3%IE 
= sages Hy 
TEST 3 epeoag ft: 
CHARACTERISTIC | CONDITIONS 3? tHoethte 
= t 
é 
a ) COSO3IAE 
Propagation Delay Time; i 4 
tPLH. tPHL . 
Clock to Data s 5 i F9 
SUPPLY VOLTS I¥pp! 9209-1973 


Output O & O* 





Fig. 8 — Maximum clock input frequency vs. 
supply voltage, 
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Clock to CLp 
00 
Pan Tan TOP AMBIENT TEMPERATURE (Tale25°c —J 
Transition Time; th TYPICAL TEMPERATURE COEFFICIENT [—T 
ak FOR ALL VALUES OF ¥pp*0 3%s°C | — 
tTHL 'TLH 75 iE LOAD CAPACITANCE (CUI+iSpF 
Q Output 3 2 
[20 | Pz 
nae 300 « § 
Q Output 4] 
3 | 
ry 
Bo 
CLp Output ay 
y « 
Clock Rise and Fall Time; 2 ; 
ae 
| d 4 
t,CL, teCL rae 2 © 683 2 Fete? ¢ e8o5? 4 6806 
Minimum Data Set-Up CLOCK FREQUENCY LtcL)- Hz g92es-19782 
Time, ts Fig. 9— Typical power dissipation vs. frequency. 
Maximum Clock Input Yoo 
Frequency, fo..”** 
INPUTS OUTPUTS 
Minimum Data Hold Yoo" Yun 
Time, ty ss + 
° 
_ VL i: 
Minimum Clock Pulse = 
i NOTE: 
noise Tie Sa 
- Vs: 4 f a 
Average {nput Capaci- S ace-zraco VOD OR Vg 
tance, Cy Clock 
All Others Fig. 10 — Noise-immunity test circuit. 
v, 
i 0O 
* Capacitive loading on G output affects propagation delay of Q output. These limits apply for G load 
Cy <15 pF. neue 
** If more than one unit is cascaded in the parallel clocked application, trCL should be made less than or Yoo — NOTE 
equal to the sum of the propagation delay at 15 pF and the transition time of the output driving stage. oa _ SEOUENT) nee 
*** Maximum Clock Frequency for Cascaded Units; Yss | TO BOTH Vop AND Vsg 
| CONNECT ALL UNUSED 
a) Using Delayed Clock Feature — INPUTS TO EITHER 
Yoo OF Vs 
i ss 
fax 7 . where n = number of packages 
(n-1) Clp prop. delay + Q prop. delay + set-up time wees erace 
: 1 Fig. 11 — Input-leakage-current test circuit. 
b)} Not Using Delayed Clock — fg, = ——————_——_ 
propagation delay + set-up time Yoo 
Yoo 
vi * 15 
‘DO 'e 
DATALIN DATA OUT 
Q 
O« 
% 10 
O7 
Papel OATA OUT = 9205-19 75481 
re 
ALL INPUTS ARE ss RECIRCULATION WITH S| AT GROUND CLOCK UNIT 64 TIMES 
PROTECTED BY 'N BY CONNECTING Sg TO PULSE GENERATOR 
COS/MOS PROTECTION RETURN Sz TO GND ANO MEASURE LEAKAGE 
NETWORK CURRENT. REPEAT WITH S; AT Vog 
3 92CS-19745R2 , 
Fig. 12 — Functional diagram. Fig. 13 — Quiescent-device-current test circuit. 
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CD4032A, CD4038A Types 
CMOS Triple Serial Adders 


Positive Logic Adder — CD4032A 
Negative Logic Adder — CD4038A 


The RCA-CD4032A and CD4038A types 
consist of three serial adder circuits with 
common CLOCK and CARRY-RESET in- 
puts. Each adder has two provisions for two 
serial DATA INPUT signals and an INVERT 
command signal. When the command signal 
is a logical ‘1’, the sum is complemented. 
Data words enter the adder with the least 
significant bit first; the sign bit trails. The 
output is the MOD 2 sum of the input bits 
plus the carry from the previous bit position. 
The carry is only added at the positive-going 
clock transition for the CD4032A or at the 
negative-going clock for the CD4038A, thus, 
for spike free operation the input data trans- 
itions should occur as soon as possible after 
the triggering edge. 

The CARRY is reset to a logical “0” at the 
end of each word by applying a logical “1" 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T.eq] 
OPERATINT GEMPERATURE RANGE (Tq): 
PACKAGE TYPES D, F, K,H 
PACKAGE TYPE E a 
OC SUPPLY-VOLTAGE RANGE, {Vpp) 
(Voltages referenced to Vgg Terminal) 
POWER DISSIPATION PER PACKAGE (Pp) 
FOR Ta = ~40 to +60°C (PACKAGE TYPE E) 
FOR T, = +60 to +85°C (PACKAGE TYPE E) 
FOR T,y = -55 to +100°C (PACKAGE TYPES D, F, K) 
FOR T,, = +100 to +125°C (PACKAGE TYPES D, F, K) 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE {ALL PACKAGE TYPES) 


INPUT VOLTAGE RANGE, ALL INPUTS . ! 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. 


Features: 


® Invert inputs on all adders for sum complementing 


applications 


© Fully static operation... . . . dc to 5 MHz (typ.) 


§ Buffered outputs 

® Single-phase clocking 

= Microwatt quiescent power dissipation. 
® Quiescent current specified to 15 V 


@ Maximum input leakage current of 1 uA 
at 15 V (full package-temperature range) 

= 1-V noise margin (full package-temper- 
ature range) 

signal to a CARRY-RESET input one bit- 

Position before the application of the first 

bit of the next word. Figs. 2 and 4 show 

definitive waveforms for all input and output 

signals. 

These types are supplied in 16-lead hermetic 

dual-in-line ceramic packages (D and F 

suffixes), 16-lead dual-in-line plastic pack- 

age (E suffix), 16-lead ceramic flat packages 

(K suffix), and in chip form (H suffix). 


. ~65 to +150°C 


. 65 to +125°C 
--40 to +85°C 


~05to +15 V 
ao atta cia ee 500 mw 
Derate Linearly at 12 mW/°C to 200 mw 

. 500 mw 


Derate Linearly at 12 mw/°C to 200 mW 


- 100 mw 
0.5 to Vop 105 V 


+265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following ranges: 


CHARACTERISTIC 


Supply -Voltage Range (For Ta = 
Full Package- Temperature Range) 





LIMITS 


. . . 5 pW (typ.) INVERT 


' 
INVERT, 


aot 
82 
INVERT 2 > 


Ay 
83 
3 
ou 

CARRY RESET = 


Vgg 78 


Yoo "16 
ee. 9203-17663 


FUNCTIONAL DIAGRAM 





Applications: 

§ Serial arithmetic units 

® Digital correlators 

® Digital datalink computers 
®@ Flight control computers 


® Digital servo control systems 


AMBIENT TEMPERATURE (Tg) + 25°C 


TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF Vpp"0.5 %/*C 


= 
i 
A 
7 
FA 
a 
- 
5 
5 
8 
z 
iS 





LOAD CAPACITANCE (C,) — pF 
92cs-19122 


Fig. 1 — Typical propagation delay time vs. load 
capacitance for A, B, or INVERT inputs 
to sum outputs. 













AMBIENT TEMPERATURE (T4)+25°C 
TYPICAL TEMPERATURE COEFFICIENT FOR | 
ALL VALUES OF Vop 203 %/*C 








TRANSITION TIME ¢ TH. st TEM) — 98 


LJ 
LOAD CAPACITANCE (C, |— pF 


o2cs-im25, 


Fig. 2 — Typical transition time vs.load capacitance 


for sum outputs. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C, Input t,, ty = 20 ns, 
CL = 15 pF, Ry = 200 kQ 


LIMITS 
CHARACTERISTIC 


Propagation Delay 
Time; 
tPLH TPHL 
A, B, or Invert 
Inputs to Sum 
Outputs 


Clock Input 
to Sum Outputs 





Transition Time; 


tTHL: *TLH 
(Sum Outputs) 


Maximum Clock input 


Frequency, fo. 


Clock Rise & Fall 
Time; 
trCL, teCL** 


Minimum Input Set Up 
Time, ts* 


Average Input 
Capacitance, C, 











Mi 
CARRY oe 





TO 
ADDERS 
263 





Pe vss 
‘ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 92¢8-17661R2 


Fig. 6 — CD4032A logic diagram of one of three serial adders. 








CD4032A, CD4038A Types 


AMBRENT TEMPERATURE (Ta)e 25°C 
INPUT ty ate #20.n0 
LOAD CAPACITANCE (CL1* 1S ef 























f 








POWER DISSIPATION (Pp) —pw 

















= 
r- 
= 
= 
= 
pai 
i 
Pr 
a as 

ot 








CLOCK FREQUENCY {fcL}—kMe sacs 9124 


Fig. 3 — Typical dissipation characteristics. 









WORD 1+ WORD 2 WORD 3+ WORD 4 


CEH FH 
Bpaeesccd 










cL 
INVERT 
CARRY 
RESET 

‘Sum 
COMPLEMENTED SUM 
1100 = +60. WORD 3 1.1011011s~-37 
O01 0 + +50 WORD 4 110011 19=-50 
Onlid =4110 1011001 = =e? 


9205-17662 


= 
co} 
3 
3 
nas 
gjoo 
2168 


Fig. 4 — CD4032A timing diagram. 


—- WORD 1+WORD2 - WORD 3+WORD 4 —— 





8 
*This characteristic refers to the minimum time required for the A, B, or Reset Inputs to change state ch 
following a positive clock transition (CD4032A) or negative transition (CD4038A). INVERT 
**\f more than one unit is cascaded tyCL should be made less than or equal to the sum of the transition see 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive SUM 
load. 
TRUE SUM - COMPLEMENTED SUM 
WORD | 1400001! =-61 WORD 3 0.0100100 + +36 
WORD 2 11001101 =-5! WORD 4 0.011000! *+49 
10010000 =-112 0.100101 +85 
92CS-INZIAI 


Fig. 5 — CD4038A timing diagram. 


H, (ADDER 
1 























bol | 
INVERT | 
bad 
CARRY 
RESET Yoo 
TO 
* ADDERS 
CLOCK. [> 2a3 








ALL INPUTS ARE PROTECTEO 
BY COS/MOS PROTECTION vss 
NETWORK 





9eC8 - 902081 


Fig. 7 — CD4038A logic diagram of one of three 
serial adders, 
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CD4032A, CD4038A Types 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 


Quiescent Device 
Current 1) Max. 


Output Voltage: 


O Typ.; 0.05 Max. 





Low-Level 
VoL 


0 Typ.; 0.05 Max. 





High Level 
VOH 

Noise [mmunity: 
Inputs Low, 


= 


>< 
efel elo|:| | fee 
lal 3[o [a] 3]. 


4.95 Min.; 5 Typ. 





9.95 Min.; 10 Typ. 





1.5 Min.; 2.25 Typ. 





VNL 


oO 


a 
iN) 


inputs High 


3 Min.; 4.5 Typ. 





1.5 Min.; 2.25 Typ. 





VNH 


Noise Margin: 
Inputs Low, 


3 Min.; 4.5 Typ. 








= 
on 


VNML 


Inputs High, 
VNMH 


Output Drive 
Current 
N-Channel 
(Sink), 
lpN Min. 


P-Channel 
(Source), 


fs 
IpP Min. 





st 0.5 | 03 
7 


—0.15)/-0.075} —0.14 AP 


—7.2|-0.55|-0.35 }-0.3 | -1.2 —0.27| -0.22 





0.25 0.9} 0.2 0.14 





0.6 2.4) 0.5 0.4 





—0.095 








Input Leakage Input 
Current, 
ele 


Yoo 
vi 
INPUTS 
° 
Vss 
INPUTS 
Yoo" Ywx 
° 
Va 
ss 
9205- 2r40r 9203-27441 


Fig. 8 — Quiescent-device-current test circuit. 





+10—-5 Typ., +1 Max. 


Yoo 
OUTPUTS. 
: % 
NOTE 
vss Test ANY COMBINATION 
OF INPUTS 


Fig. 9 — Noise-immunity test circuit. 





INPUTS 
— 
Yoo — 
°° (=) acting 
Vss ~~ 
— 





vi 


ss 


NOTE 
MEASURE INPUTS 
SEQUENTIALLY, 
TO BOTH Vpp AND Vgg 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Yop OR Veg, 

9208-27402 


Fig. 10 — Input-leakage-current test circuit. 
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CMOS 8-Stage Static Bidirectional 
Parallel/Serial Input/Output Bus Register ee 


The RCA-CD4034A is a static eight-stage 
parallel-or serial-input paralle!-output regis- 
ter. It can be used to: 


1) bidirectionally transfer parallel informa- 
tion between two buses, 2) convert serial 
data to parallel form and direct the parallel 
data to either of two buses, 3) store (recircu- 
late) parallel data, or 4) accept parallel data 
from either of two buses and convert that 
data to serial form. Inputs that control the 
operations include a single-phase CLOCK 
(CL), ADATA ENABLE (AE), ASYNCHRO- 
NOUS/SYNCHRONOUS (A/S), A-BUS-TO- 
B-BUS/2B-BUS-TO-A-BUS {A/B), and PAR- 
ALLEL/SERIAL (P/S). 


Data inputs include 16 bidirectional parallel 
data lines of which the eight A data lines are 
inputs (outputs) and the B data lines are out- 
puts (inputs) depending on the signal level 
on the A/B input. In addition, an input for 
SERIAL DATA is also provided. 


All register stages are D-type master-slave 
flip-flops with separate master and slave 
clock inputs generated internally to allow 
synchronous or asynchronous data transfer 
from master to slave. Isolation from external 
noise and the effects of loading is provided 
by output buffering. 


PARALLEL OPERATION 


A high P/S input signal allows data transfer 
into the register via the parallel data lines 
synchronously with the positive transition 
of the clock provided the A/S input is low. 
lf the A/S input is high the transfer is in- 
dependent of the clock. The direction of 
data flow is controlled by the A/B input. 
When this signal is high the A data lines are 
inputs {and B data lines are outputs); a low 
A/B signal reverses the direction of data flow. 


The AE input is an additional feature which 
allows many registers to feed data to a 
common bus. The A DATA lines are enabled 
only when this signal is high. 


Data storage through recirculation of data in 
each register stage is accomplished by mak- 
ing the A/B signal high and the AE signal 
low. 

SERIAL OPERATION 


A low P/S signal allows serial data to transfer 
into the register synchronously with the 
positive transition of the clock. The A/S in- 
put is internally disabled when the register is 
in the serial mode (asynchronous serial opera- 
tion is not allowed). 





CD4034A Types 








A DATA 


STAGES 2—-7 





The serial data appears as output data on 
either the B lines (when A/B is high) or the # P/s 


rales Ae 
A lines (when A/B is low and the AE signal 


is high). ae / 
@ DATA 





Register expansion can be accomplished by 92¢8-19202R1 


simply cascading CD4034A packages. Fig. 1 — Functional diagram. 
The CD4034A-Series types are supplied in Yoo 
24-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 24-lead dual-in-line 
plastic packages (E suffix), 24-lead ceramic 
flat packages (K suffix), and in chip form (H 


au INPUTS ARE 
PROTECTED BY 
COS/ MOS PROTECTION 


suffix). NETWO! 
Vss 
MAXIMUM RATINGS, Abso/ute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Ts) A nae Yah gtk eg AS ata etn tbe Bhan, at ee Samal -65 to + 150°C 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D,F, KH... 2... ee ee ee ees -55 to +1 25°C 
PACKAGE: TYPE Bite. ees tle Oh EG ae ee a ae Ba AE -40 to +85°C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vgg Terminal). -0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (Pr) 
FOR Ta = -40 to +60°C (PACKAGE TYPE EE)... 2. ee 500 mw 
FOR Ta = +60 to +85°C (PACKAGE TYPE E)........0... Derate Linearly at 12 mW/°C to 200 mW 
FOR Ta = -55 to +100°C (PACKAGE TYPES D,F,K) 0.0.0.5. 00.000. c vee ee 500 mw 
FOR Tp = +100 to +125°C (PACKAGE TYPES D,F,K). |. Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ty = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES). ..... 100 mw 


INPUT VOLTAGE RANGE, ALL INPUTS... 1... 0... ee -0.5 to Vop *0.5 v 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max. 


RECOMMENDED OPERATING CONDITIONS at 7, = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 




















CHARACTERISTIC 


LIMITS 
0, F,K,H UNITS 
PACKAGES 


fs | | 


*If more than one unit is cascaded t,CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive toad. 





Supply-Voltage Range (For Ta = Full 
Package-Temperature Range) 





Data Setup Time, ts 





Clock Pulse Width, tw 









Clock Input Frequency, fo. 





Clock Rise and Fall Time, t-CL, teCL” 
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CD4034A Types 


Table | — Truth Table for Register Input-Levels and the Resulting Register Operation (L= Low 
Level, H = High Level, X = Don't Care) 


“Ae 
L Serial Mode; Synch. Serial Data Input, “A” Parallel! Data Outputs 


Disabled 


Pu {ef u [x | Serial Mode; Synch. Serial Data Input, ’B” Parallel Data Output 


Parallel Mode; “B” Synch. Parallel Data Inputs, “A” Parallel Data 
Outputs Disabled 


Parallel Mode; “‘B” Asynch, Parallel Data Inputs, “A” Parallel Data 
Outputs Disabled 

Parallel Mode; ’‘A” Parallel Data Inputs Disabled, ‘“‘B” Parallel Data 
Outputs, Synch, Data Recirculation 
Parallel Mode; “A” Parallel Data Inputs Disabled, “B” Parallel Data 
Outputs, Asynch. Data Recirculation 

Serial Mode; Synch. Serial Data Input, “A” Parallel Data Output 
;e iu |{ x | Serial Mode; Synch. Serial Data Input, “B” Paratlel Data Output 
Parallel Mode; “'B” Synch. Parallel Data Input, “A” Parallel Data 
Output 

Parallel Mode; “B” Asynch. Parallel Data Input, “A” Parallel Data 
Output 

Parallel Mode; “A” Synch. Parallel Data Input, “8B” Parallel Data 
Output 

Parallel Mode; “A” Asynch. Parallel Data input, “B” Parallel Data 
Output 






















r 
r 


"Outputs change at positive transition of clock in the serial mode and when the A/S control input is “low” 
in the parallel mode. 











6 STAGES 


qa > 
J] 























FLIP-FLOP 


149 TG = TRANSMISSION GATE TRUTH TABLE OP* 











INPUT TO OUTPUT IS: 
#) A BIDIRECTIONAL LOW IMPEDANCE 
WHEN CONTROL inPUT 1 1S “LOW” 














AND CONTROL INPUT 715 “HIGH 
by AN OPEN CIRCUIT WHEN CONTROL 
INPUT 115 “HIGH” AND CONTROL INPUT 2 15 “LOW 


X pon'T CaRE 
VALID. CONDITION 


ALL INPUTS ARE 920M-19200R2 
PROTECTED BY 


COS/MOS PROTEC TION 
NETWORK 


Fig. 2— Logic diagram. 
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Features: 


Bidirectional parallel data input 
Parallel or serial inputs/paralle! outputs 
Asynchronous or synchronous 
parallel data loading 
Parallel data-input enable on 
“A” data lines 
Data recirculation for register expansion 
Multipackage register expansion 


Fully static operation DC-to-5 MHz (typ.) 
At Vop—Vss = 10 V 

Quiescent current specified to 15 V 

Maximum input leakage current of 1 4A 
at 15 V (full package-temperature 
range) 

1-V noise margin (full package-temper- 
ature range) 


Applications: 


Parallel Input/Parallel Output, 

Parallel Input/Serial Output, 

Serial Input/Parallel Output, 

Serial Input/Serial Output Register 

Shift right/shift left register 

Shift right/shift left with parallel loading 

Address register 

Buffer register 

Bus system register with enable parallel 
lines at bus side 

Double bus register system 

Up-Down Johnson or ring counter 

Pseudo-random code generators 

Sample and hold register (storage, count- 
ing, display) 

Frequency and phase comparator 





of 

| 1, ADaTa 

P+ LINES ARE os 
OUTPUTS. 


be... B DATA LINES ARE OUTPUTS 
eerarnyy 


Fig. 3— Timing diagram. 











CD4034A Types 











STATIC ELECTRICAL CHARACTERISTICS MaGIENT TEMPERATURE The 25°C 


TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF Wp °0 3% /°C 







g 


8 


Quiescent Device 
Current, 1) Max. 


PROPAGATION DELAY TIME (tpyqy -tpyy!— ne 

















Output Voltage: 


Low Level, © i00 | 
LOAD CAPACITANCE iC.) — pF 
o2es-s9ai2 


High Level Fig. 4- Typical propagation delay time 
9.95 Min.; 10 Typ. vs. load capacitance. 





Noise Immunity: Mee 
inputs Low; 1.5 Min.; 2.25 Typ. 


VAL 
Inputs High 
Vn 
Noise Margin: 
Inputs Low, 


VNML 
Inputs High, 
VNMH 


Output Drive 
Current: 
N-Channel 
Sink 124 K fs . . 
(Sink), uk; pad 9.07 Fig. § — Typical transition time vs. load 


IpN Min. Jos [ozs | 0.175 0.175 capacitance. 


[os] - | 10 | ost | 

P-Channel 

fora” [4a] —| » boanor foes loosloor [or [aos foes 
pee 


tiie [25 = [1 fant on fos }aon foo [as fae ome 













7m AMBIENT TEMPERATURE {Tale 23°C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ALL VALUES OF Vpp*0 3 %/*C 


g 8 


8 





PTT 


beet 
eet 
Tn, 


a 60 100 
LOAD CAPACITANCE (C,)— oF s2cs: e278 









TRANSITION TIME (Tray. Tren) — 98 
> 











© AMBIENT TEMPERATURE (Ty) =25°C 
LOAD CAPACITANCE (C) 1°15 pF 








input Leakage 
Current, 


ey +107 Typ., +1 Max. 


CLOCK INPUT FREQUENCY (fc) )— wn 





sat one” 
pata 
InPuTs, 








0" [AM@ENT TEMPERATURE iT, )+25°C 1 
ALTERWATING 70° | 





AND "I" PATTERN 


SUPPLY VOLTS (Vp0! 





92CS -19970 


Fig. 6 — Typical clock input frequency vs. 
supply voltage. 





92¢$:20077 


Fig. 8 — Asynchronous operation propagation delay 
time and transition time. 


POWER DISSIPATION/ PACKAGE (Ppi— >» w 








10 0? 
INPUT CLOCK FREQUENCY (fe. } — mH 
9205-17e08R3 


Fig. 7 — Typical dissipation characteristics. 





* imPUT REFERS TO ANY OF THE “a7OR “8” OATA INPUTS “AT ENABLE, 
SERIAL INPUT, A/B, P/S, OR A/S INPUTS 


eel AND tg ARE SET-UP TIMES 





s2c3- 20078 azcs coors 

Fig. 9 — Clock pulse rise and fali times. Fig. 10 — Synchronous operation propagation 
delay times, transition times, and set-up 
times. 
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CD4034A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 


At Ty = 25°C, Input ty, t¢= 20ns, Cy = 15 pF, RL = 200k2 


TEST 
CHARACTERISTIC | CONDITIONS 





PACKAGES 


LIMITS 


D,F,K,H E 
PACKAGE 











Propagation Delay 
Time; tPLH. (PHL 





MAX. 
4200 
480 





Transition Time; 





"THL’ 'TLH 





Maximum Clock input 





Frequency, for 





Min. High-Level 
AE, P/S, A/S 
Pulse Width 





Clock Rise & Fall Time 
t,CL, tyCL* 








Data Set-Up Time, 





ts 
Average Input 
Capacitance, Cc 





*If more than one unit is cascaded t,CL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


APPLICATIONS 













iy. Baila Pesta Nil 
SERIAL a PARALLEL 7 PARALLEL 
DATA OATA stn pata 


Yoo 






are 


als 

cy © PARALLEL, 
Daya 

as 





8 
coagsea coaasaa 


a 

as 

cr ® PARALLEL 
2, sRATA 

erg 
































s2es- 19208 


Fig. 14 — 16-Bit paraltel in/paraliel out, parallel 
in/sérial out, serial in/paratlel out, serial 


inferial out register. 


$52 


"a ENABLE >— 





SERIAL 
ATA 





Ee 
Isr “APARALLEL 
DATA 





“8 
cD40348 
ars C408 


“BPARALLEL 
CL ATA 





















92C5- 19208 


Fig. 15 — 16-Bit serial in/gated parallel out register. 


po 


(NPUTS, OUTPUTS 


Yoo" Ynw 
es * ‘© 
° 
Va i 


NOTE: 
TEST ANY ONE INPUT, 
Vss WITH OTHER INPUTS AT 
92¢s- 27400 YOO OR Vsg- 


Fig. 11 — Noise-immunity test circuit. 


Yoo 


INPUTS. 


Vss 
9205-27401 


Fig. 12 — Quiescent-device-current test circuit. 


INPUTS 
Yoo NOTE 
eG) MEASURE INPUTS 
° SEQUENTIALLY, 
ss TO BOTH Vop AND Vs 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vp OR Veg, 


92C8- 27002 


Fig. 13 ~ Input-leakage-current test circuit. 
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CMOS 4-Stage 
Parallel In/Parallel Out 
Shift Register 


with J-K Serial Inputs and True/ 
Complement Outputs 


Features: 


4-Stage clocked shift operation 
Synchronous parallel entry on al) 4 stages 
JK inputs on first stage 

Asynchronous True/Complement control 
on aff outputs 

Static flip-flop operation; Master-slave 
configuration 

Reset control 

Buffered outputs 

Low power dissipation — 5yW typ. (ceramic) 
High speed — to 5 MHz 

Quiescent current specified to 15 V 
Maximum input leakage current of 1A 
at 15 V (full package-temperature range) 
1-V noise margin (full package-temper- 
ature range) 


The RCA-CD4035A is a four-stage clocked 
signal serial register with provision for 
SYNCHRONOUS PARALLEL inputs to 
each stage and SERIAL inputs to the first 
stage via JK logic. Register stages 2, 3, and 
4 are coupled in a serial D flip-flop config- 
uration when the register is in the serial 
mode (PARALLEL/SERIAL control low). 


Parallel entry via the D line of each reg- 
ister stage is permitted only when the 
PARALLEL/SERIAL control is high. 


In the parallel or serial mode information 
is transferred on positive clock transitions. 


When the TRUE/COMPLEMENT control is 
high, the TRUE contents of the register are 
available at the output terminals. When the 
TRUE/COMPLEMENT control is low, the 
outputs are the complements of the data in 
the register. The TRUE/COMPLEMENT 
control functions asynchronously with re- 
pect to the CLOCK signal. 


JK input logic is provided on the first stage 
SERIAL input to minimize logic require- 
Ments particularly in counting and sequence- 
generation applications. With JK inputs 
connected together, the first stage becomes 
a D flip-flop. An asynchronous common 
RESET is also provided. 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Applications 


CD4035A Types 


PARALLEL IN 


Counters, Registers 

Arithmetic-unit registers 

Shift left — shift right registers 
Serial-to-parallel/parallel-to-serial conversions 
Sequence generation 

Control circuits 

Code conversion 


Von ='6 
Vgg «8 


0,/5, 92/82 03/3 94/84 
we Out 
9205-19 966R1 


CD4035A 
FUNCTIONAL DIAGRAM 





MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (T.) tes 
OPE RATING-TEMPERATURE RANGE (T ,): 

PACKAGE TYPES D, F, K,H 


—66 to +150°C 


—55 to +125°C 


PACKAGE. TYPE Eo aciped fos eae Pd ee otha trae tae ee eS —40 to +85°C 
DC SUPPLY-VOLTAGE RANGE, (Vp) 

{Voltages referenced to Vsg Terminal): ecb eee wae, Se oe oe a —0.5 to +15V 
POWER DISSIPATION PER PACKAGE (Pp): ‘ 

FOR Ty = —40 to 460°C (PACKAGE TYPE E) 0. ee eee 500 mw 

FORT, = +60 to +85°C (PACKAGE TYPE E) ... se Derate Linearly at 12mW/°C to 200 mw 

FOR Tx, = -55 to +100°C (PACKAGE TYPES D,F,K) = tet enee 500 mw 

FOR T, = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12mw/°C to 200 mw 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES). ....... 
INPUT VOLTAGE RANGE, ALL INPUTS... 22.2. ee ee eee 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10smax.......- 02-505: 
RECOMMENDED OPERATING CONDITIONS at Ta=25°C, except as noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


100mWw 





LIMITS 





CHARACTERISTIC E 


PACKAGE 


D, F, K,H 


PACKAGES 









Supply Voltage Range (For T , = Full 
Package-Temperature Range 


is Setup Time, tg: 


J/K Lines 












Parallet-tn Lines 





Clock Pulse Width, ty, 











Clock Rise and Fal! Time, t CL teCL 








Reset Pulse Duration, ty 














CD4035A Types 


PARALLEL 
PARALLEL PARALLE 


















SERIAL Pi-2 PI-3 Pi-@ 

CONTROL {P/S) MBIENT TEMPERATURE (Tge2see 

Fi TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES: 
a70 ‘OF Vop *0.3 % 790 













































TRUE/COMPL. 
420 





LOAD CAPACITANCE ([CLI— pF 






B/S *O*SERIAL MODE 9208-19968 


T/C «te TRUE OUTPUTS 


FIRST STAGE TRUTH TABLE 


Fig. 2 — Typical propagation delay time vs. 





























































































































































































































load capacitance. 
a Q2 a3 e4 
* Yoo TERMINAL No. 16 
i NO: 16 og, AMBIENT TEMPERATURE {Tg )= 25°C 
TERMINAL MONS s 6X0, | TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES 
soo] OF Yoo *0.3%/*C 
*1G + TRANSMISSION GATE : CLOCKED OPERATION 
i 
: 
bj 
z oor 
v 
cae bad INPUT 10 OUTPUT #8: e F od tee 
ALL INPUTS PROTECTED BY ©).4 BIDIRECTIONAL LOW IMPEDANCE = AO 
WHEN CONTROL INPUT | IS LOW out 
COS/MOS PROTECTION NETWORK BND COMTROCINGUS 21s Nae 2 TN by 
bh AW OPEN CIRCUIT WHEN CONTROL fe 
INPUT 11S HIGH AND CONTROL & 
iNPUT 2 1S Low = ‘9 
Fig, 1 — Logie block diagram. s20M-19967R1 iad ‘S 
= 
. 
STATIC ELECTRICAL CHARACTERISTICS s 
rt t 
it tH 
Ct er a ee a a 


























LOAD CAPACITANCE {Cul— pF 
s2cs-re9¢69 


CHARACTERISTICS 
Fig. 3 — Typical transition time vs. load 


capacitance. 








& AMBIENT TEMPERATURE (Ta) «25°C fara 
LOAD CAPACITANCE (C\}=15 pF 














Quiescent Device 
Current, vi Max. 

































































Output Voltage: 
Low Level, 


Vou 
High Level 
Vou 9.95 Min.; 10 Typ. 


Noise Immunity: 
Inputs Low, 


VL 
Inputs High 








0 Typ.; 0.05 Max 
O Typ.; 0.05 Max 


























































































































CLOCK INPUT FREQUENCY tic }— Miz 

















1.5 Min.; 2.25 Typ. 





















































































































































= 


iS 


10 
SUPPLY VOLTS (Vp) 
9265-19970 


VNH 


Fig. 4 — Typical clock input frequency vs. 
Noise Margin: supply voltage. 
Inputs Low, 
Vat 
Inputs High, 
VnMH 
Output Drive 
Current: 


N-Channel 
(Sink), 


TpN Min. 
P-Channel 
(Source): 
IpP Min. 


ro 




















i 
2 
y 
i 
z 
i 
i 


OAD CAPACITANCE (CL }*IS pF, 
= CL SO pF 

















2 


10 10° 
INPUT CLOCK FREQUENCY (fe,) — kHz 
92C5-17006R3 


Input Leakage 


Current, je je j 
ent, Fig. 5 — Typical dynamic power dissipation 


Nee Nw charac teristics, 
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CD4035A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At Tp = 25°C, Input t,,te = 20 ns, Cy = 15 pF, Ry = 200 kQ2 


TEST O,F,K,H E UNITS 
CONDITIONS PACKAGES PACKAGE 
Vpp 
(Vv) Typ. Typ. 
Propagation Delay 
Time: 


teLH “PHL Rae Ro Rae 
Transition Time: | 5 | — | 100 | 200 | 
THU tTLH [10 | — | 50 | 100 | 


Minimum Clock } 5 | — | 


Pulse Width, tw 














CHARACTERISTICS 









CLOCKED OPERATION 





















Maximum Clock 
Rise & Fall Time 


tren: teL* 
Minimum Setup Time; 
J/K Lines 








Paralle!-In Lines 


Maximum Clock 
Frequency, fo. 
Input Capacitance, C; Any input 


RESET OPERATION 
Propagation Delay 
Time: 

tpHL tPLH 


Minimum Reset Pulse 
Width, ty 








*tf more than one unit is cascaded t-CL should be made Jess than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 


v y, 
Yoo oo 00 
Yoo INPUTS 
INPUTS OUTPUTS INPUTS % 
- ° DO 
Yoo “Nw ss One 
Nome a ° 
VN % Vss 
NL 
+ NOTE 
MEASURE INPUTS 
SEQUENTIALLY, Vss 
NOTE: vss TO BOTH Vop ANO Vgs: 
TEST ANY COMBINATION CONNECT ALL UNUSED 
OF INPUTS g2cs-27041 INPUTS TOEITNER oc 27002 
Vop OF Vs 
ss 
s2¢8- 27401 
Fig. 6 — Noise-immunity test circuit. Fig. 7 — Quiescent-device-current Fig. 8 — Input-leak age-current 


test circuit. test circuit. 
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CD4037A Types 


CMOS Triple AND/OR Bi-Phase Pairs 


The RCA-CD4037A consists of three AND/ 
OR pairs driven by common control signals 
A and B. 


Each circuit has adata input (C), and two out- 
put terminals (D and E) that provide outputs 
in accordance with the truth table shown in 
Fig. 1. The circuit is useful for coding or de- 
coding signals for split-phase (Bi-phase) com- 
munication systems, magnetic recording, and 
plated wire and core memory systems. A sep- 
arate Vcc terminal is provided to allow level 
conversion to any voltage from 3 volts to Vpp. 
These types are supplied in14-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
age (E suffix), 14-leadceramic flat package 


Ns ame eee Ce a | 
eae | a, nn DATA 
TTT contre, 
8 IGNALS 

ees LP 
sda Peseta [ea ame Se 
MODUL ATED 
E 
CODING WAVEFORMS 
~L_— wopurareo 
OATA 
= CONTROL 

1 Jife= a SNe 

pe I Se ee 


RZ 
COMPLE MENTARY 


——— 7 ae | OUTPUTS 


DECODING WAVEFORMS 


























92c$-19227 


Fig. 1 — Coding and decoding waveforms. 


928 -19993R2 


CD 4037A 
FUNCTIONAL DIAGRAM 


TRUYH TABLE 








Vss 
ALL INPUTS ARE PROTECTED 6Y 
COS/MOS PROTECTION NETWORK 


92¢8~22087R1 


(K suffix), and in chip form (H_ suffix). 


RECOMMENDED OPERATING CONDITIONS. For maximum reliability, nominal operating 
conditions should be selected to that operation is always within the following ranges: 














Features: 


LIMITS 


= Outputs compatible with low-power TTL 

systems. 

High sink and source current (1.6 mA typ.) 

capability at Vpp = Veg = 10V and 

Vps = 0.5 V. 

= Microwatt quiescent power dissipation: 
Pp = 0.5 uW/ceramic pkg. (typ.), Pp = 
2 uW/plastic pkg. (typ.) at Vpp = 10 V 


CHARACTERISTIC . 


JSupply-Voltage Range (For T,= Full 
Package- Temperature Range) 





® Quiescent current specified to 15 V 

= Maximum input leakage current of 1 uA at 
15 V (full package-temperature range) 

1-V noise margin (full package-temperature 


CAUTION: Voc VOLTAGE LEVEL MUST BE EQUAL TO OR LESS POSITIVE THAN Vop 
DYNAMIC ELECTRICAL CHARACTERISTICS . 





at Ta = 25°C, Input t,, t= 20 ns, CL = 15 pF, Ry = 200k2 range) , 
LIMITS fea 
TEST Applications: 
CHARACTERISTIC CONDITIONS ® Split-phase (Bi-Phase) communication sys- 
tems. 
® Disc, drum, and tape digital recording 
systems. 


= Plated wire and core memory systems. 


Propagation Delay Time: ‘ 
4 ® High-to-low logic level converter, 


A and B Inputs 
tpHL’ “PLH 


C Inputs 


TPHL 





Transition Time: 
High-to- Low Level, 
‘THL 
Low-to-High Level, 


‘TLH 
Input Capacitance, C, 








92Cs-20079 


Fig. 2 — Waveforms for measurement of dynamic 





characteristics. 











556 











A 


CD4037A Types 























































































































































































































































































































































































































































































































































































MAXIMUM RATINGS, Adsolute-Maximum Values: in A ELLEN PRT svoLTe cele E 
. TEMPERATURE COEFFICIENT FOR ALI 
STORAGE-TEMPERATURE RANGE (Tstg) - 0.0 ccc eee ~65 to +150°C 7 __ [VALUES OF Yop70.3 1% 
OPERATING-TEMPERATURE RANGE (Ta): Fates 
PACKAGE TYPES D,F,K,H wc ee ee ete ees ~55 to +125° C m4 “ 
PACKAGE TYPE Ew. ee ee ee ee te te ee -40 to +85°C 5 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 7 \ 
(Voltages referenced to Vgg Terminal)... 2... ee ee et eee -0.5 to +15 V Ff 
POWER DISSIPATION PER PACKAGE (Pp): 
FOR Tay = -40 to +60°C (PACKAGE TYPE E) «ee eee eee eee 500 mw 
FOR Ta = +60 to +85°C (PACKAGE TYPE E) . . Derate Linearly at 12 mW/°C to 200 mW 
a LOAD CAPACITANCE (C, )— pF 
FOR Tx, = -55 to +100°C (PACKAGE TYPESD,F,K) te tee see 500 mw 92cs-i9224 
FOR Ta = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mW/°C to 200 mW Fig. 3 — Typical transition time vs. 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR load capacitance. 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) .... 100 mW 
INPUT VOLTAGE RANGE, ALL INPUTS 2.0... ee eee ee te es -0.5 to Vpp +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): [__TAMBiENT TewPERATURE (T,)+ 25°C PHOT ETE 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 $ max... 1.61.0 +265°C TEMPERATURE COEFFICIENT TOR” THA 
ALL VALUES OF Vp 0.3 %/°C ite 
e it i 
itt tf 
STATIC ELECTRICAL CHARACTERISTICS 5 00 H , tt 
: tF 
ri RS 
00 ya 
z 
CHARACTERISTICS 8 
Vo % 200 
Hi 
(v) FS 
100 
Quiescent Device = _seeT 
Current, I Max. LOAD CAPACITANCE (¢_)— pF 
92cs.19225 
7 Fig. 4 ~ Typical transition time vs. 
Output Voltage: load capacitance. 


Low Level, 

You 

High Level 

You 9.95 Min.; 10 Typ. 


Noise Immunity: 
inputs Low, 


VNL 
Inputs High 
VNH 





| AMBIENT TEMPERATURE (Ta}=25 °C 
+ COLLECTOR SUPPLY VOLTS (Vee) =5 
TEMPERATURE COEFFICIENT FOR 

ALL VALUES OF Vpp ©0.3 %/* 























1.5 Min.; 2.25 Typ. 


8 
































8 




































































Noise Margin: 





























PROPAGATION DELAY TIME(tpai strum 













































































































































































100 
Inputs Low, Ht f 
VNML _ EHR FPS # 
0 20 40 6 60 100 

Inputs High, LOAD CAPACITANCE (Ci — pF sieaities 
ViNMH F ; ; ‘ 

Fig. § — Typical propagation delay time vs. 

Output Drive load capacitance, 

Current: 
N-Channel 104 ~ 
(Sink), 

10> 








IpN Min. 


i 
SUPPLY VOLTAGE 


P-Channel 



































x 
a 
| 
e 
: 
2 
(Source): : is 
& 
IpP Min. 2 10! 
= 
Input Leakage e 
Current, : ’ 
Wee & 
g ol 1 
& 
$ 107? 
For quiescent device current, noise immunity, and input leakage current test circuits see eis be eur. Leaner iva by = 
‘Ratings and Characteristics” at the beginning of the CMOS section. a PACKAGE! CONTAIN: BLAND =OR CIRCUITS s2cs-19222 


Fig. 6 — Typical dissipation characteristics, 
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CD4040A Types 


CMOS 12-Stage 
Ripple-Carry 
Binary Counter/Divider 


The RCA-CD4040A consists of an input- 
pulse-shaping circuit and 12 ripple-carry 
binary counter stages. Resetting the counter 
to the all-O’s state is accomplished by a 
high-level on the reset line. A master- 
slave flip-flop configuration is utilized for 
each counter stage. The state of the counter 
is advanced one step in binary order on the 
negative-going transition of the input pulse. 
All inputs and outputs are fully buffered. 


These.types,are supplied in 16-lead hermetic 
duat-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


RECOMMENDED OPERATING CONDITONS at Ta = 25°C, Except as Noted: 
For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges : 





CHARACTERISTIC 


Supply Voltage Range (For Ta = Full 
Package-Temperature Range) 





Input-Pulse Frequency, fy 





# #0 






Input Pulse Width, tw 
5 
10 


Input-Pulse Rise or Fall Time, tro-ttg : | 
10 
Reset Pulse Width, ty a Ea 






Features: 

= Medium-speed operation . . . 5 MHz ({typ.) input pulse 
rate at Vpp — Vss = 10 V 

= Low output impedance .. 

= 10 Vand Vps = 0.5 V 

Common reset @ Fully static operation 

All 12 buffered outputs available 

Low-power TTL compatible 

Quiescent current specified to 15 V 

Maximum input leakage current of 1 uA 

at 15 V (full package-temperature range) 

1-V noise margin (full package-temper- 

ature range) 


- 750 2 (typ.) at Vpp — Vss 


2 
3 
4 
5 
6 
7 
8 


S2CS-20747R1 


CD4040A 
TERMINAL DIAGRAM 





Applications: 
=| = Frequency-dividing circuits 
= Time-delay circuits ™ Control counters 





~T AMBIENT TEMPERATURE (Tal » 28°C 
TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF ¥Gst-O.3%/*C 








|ATE - TO ~ SOURCE VOLTAGE [Vgg)*ISV 











ma 








= 








Hy 























lov] 


GRAIN CURRENT (Ip) 
4 
x 












LIMITS 





0) 25° ° 5 73 #10 28 15 
DRAIN - TO ~ SOURCE VOLTAGE (Vps) -v 
92C5-21510 


Fig.2 — Typical output n-channel 
drain characteristics. 


ORAIN- TO- SOURCE VOLTAGE (Vpg)—V 
























































































































a 3V 
A de 1.5 
de 1.5 MHz 
de 4 dc 4 rr) ZI 
-s g| 
z 
F 
a 
| 
10] 
GATE ~ TO - SOURCE VOLTAGE ( eis Vv el 
$ | 
3 
es 
AMBIENT TEMPERATURE (14) 25°C oe 
$ TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Veg *-0.3%7°C 
4 92CS$-2151) 
UPR. Fig.3 — Typical output p-channet 


drain characteristics. 


mar 
Q) OUT = (Q)CLYR) 








Yoo 
| re ) > l2-STAGE 

\/ RIPPLE COUNTER 

8 INPUTS 
To end 
STAGE 

‘ 02 04 a6 O08 aw ai2 
ss 
*ALL INPUTS ARE 12 BUFFERED OUTPUTS 
PROTECTED BY ‘| R=HIGH DOMINATES (RESETS ALL STAGES) Vss =8 


COS/MOS PROTECTION «ACTION OCCURS ON NEGATIVE GOING 
NETWORK TRANSITION OF INPUT 


‘9208-20822 
PULSE. COUNTER 


ONE BINARY COUNT ON EACH 


ADVANCES 
NEGATIVE @ TRANSITION (4096 TOTAL 


BINARY COUNTS). 92CM-20748A3 


Fig.1 — Logic diagram of CD4040A input pulse shaper and 1 of 12 stages. 


Fig.4 ~- Functional diagram. 
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MAXIMUM RATINGS, Absolute-Maximum Values: : 
STORAGE-TEMPERATURE RANGE (Torq) seiiey Bie Tages BA etre ede ae EE —65 to +150°C 
OPERATING- TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, FL KH 0c enna 85 to +125°C 

PACKAGE TYPE E —40 to +B5°C 
OC SUPPLY-VOLTAGE RANGE, (Vop} 

(Voltages reterenced to Vgg Terminal)... 6.6 e eee teen etn ene ne —0.5 to +15 V 


POWER DISSIPATION PER PACKAGE (Pp): 


FOR T= -40 to +60°C (PACKAGE TYPE FE) 66. ee teens 500 mw 

FOR T,a* +60 to +85°C (PACKAGE TYPE Ej}... Derate Linearly at 12 mW/°C to 200 mW 

FOR Ta = -85 to +100°C (PACKAGE TYPES D,F,K) street 500 mw 

FOR T, = +100 to +125°C (PACKAGE TYPES D,F,K) ..--- Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ty = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES}......- 100 mw 
INPUT VOLTAGE RANGE, ALL INPUTS .......... 00.06 cette ~05 to Vop 05 V 
LEAD TEMPERATURE (OURING SOLDERING): 

At distance 1/16 + 1/32 inch {159 + 0.79 mm) from case for 10smax. .. 12... ee +265°C 


STATIC ELECTRICAL CHARACTERISTICS 


Limits at indicated Temperatures (°C) 


Characteristic D, F, K, H Packages 





Quiescent Device | — | 
Current, 













Output Voltage: 


Low-Level, OTyp.; 0.05 Max. 
OTyp.; 0.05 Max. 
4.95 Min.; 5 Typ. 


9.95 Min.; 10 Typ. 


1,5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 
1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 





Noise Margin: 
1 Min. 


peleaii ce 


inputs High, [os[ —[ 5 | 1 Min. 
VNNMH Lt { - | 1 Min. 


Output Drive 
Current: 
N-Channel 
(Sink). aa fae 0.36 | 0.08 


IpN Min. 0.44 | 075 | 04 | y 0.42 | 0.75 | 


P-Channel 
{Source}: —0.07 | -0.15 —0.06 


1op min fos] — [78 |-003]-08 F025 0.179] -029] as |-015]-08 | 


input Leakage 
Current, Any Input 


metia{ = | - | 15 


Inputs Low, 





+10-5 Typ., +1 Max. 









CD4040A Types 





{ AMBIENT TEMPERATURE (Ty) = 28°C 
CORFF! 






DRAIN CURRENT (Ipi—mA 





5 
ORAIN — TO ~ SOURCE VOLTAGE (Vos) -V 
92CS-2GIZ 


Fig.5§ — Minimum output n-channel 
Orain characteristics. 


ORAIN- TO~ SOURCE VOLTAGE {Vpg)—V 































































































il =19 bed oO 
t 3¥ 
Us) 
u 25 : 
a 
5 
-5 3] 
GATE - TO ~ SOURCE VOLTAGE { ov ry 
| 
z 
75 
AMBIENT TEMPERATURE (Tgl © 25°C 
TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Vgg*-0.3%/°C 
92CS-21913 


Fig.6 — Minimum output p-channel 
drain characteristics. 
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PROPAGATION DELAY TIME (pig 1 pO 


MBIENT TEMPERATURE (Ta }e 25°C 
TYPICAL TEMPERATURE COEFFICIENT 
AT ALL VALUES OF Vop++ 0:3 %/9C 


CA) 20 “0 oo oo 100 
LOAD CAPACITANCE (CL\I—oF 92¢8-21600 











Fig.7 - Typical propagation delay time vs. 
Joad capacitance (per stage). 


AMBIENT TEMPERATURE (Ty le 25°C 
TYPICAL TEMPERATURE 


r] 
4 
é 
E 
I 
3 
i 





LOAD CAPACITANCE {C\)— pF 
g2cs- 20784 


Fig.8 — Typical transition time vs. load 
capacitance. 
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CD4040A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t,, te = 20 ns, 












Test Conditions 





Characteristic 






Input-Pulse Operation 

Propagation Delay 
Time, 

tPLH, tPHL® 






>< 
| 28 
“oO 













Maximum Input-Pulse 
Frequency, fo 


Input-Pulse Rise & 
Fall Time, trp. tig 






Reset Operation 

Propagation Delay 
Time, tpHL” 

Minimum Reset 
Pulse Width, tw 


® Measured from the 50% level of the negative 
input pulse edge to the 50% level of either 
the positive or negative edge of the Q1 out- 
put (pin 9); or measured from the nega- 
tive edge of Q1 through Q11 outputs to 
the positive or negative edge of the next 
higher output. 








Yoo 
OUTPUTS 


Note: 
TEST ANY ONE INPUT, 
Vs WITH OTHER INPUTS AT 
szcs-er400 YOO OR Vgg 


Fig. 11— Noise-immunity test circuit. 


Py 
&m 
2 
3 


= 
2 
3 
3 


Average Input act 
Capacitance, Cy ny Input 5 


Nilo 
wpa 
~ 
oa 


CL = 15 pF, Ry = 200 k2 


D, F, K, H 
Packages 






nN 
N 
[8 | * 
> 
sD 
a 
fe fa | 
a 


~ 
a 


N 





N 
a a 
= =—=|w 
N Sa 
a as 
= 
aL 







ns 


4 Maximum input rise or fall time for func- 
tional operation, 
* Measured from the positive edge of the re- 


set pulse to the negative edge of any output 
*(Q1 to Q12). 





tNPUTS 


Vss 
2acs- 27404 


Fig.12 ~ Quiescent-device-current test circuit. 




































































































































Jo® [AMBIENT TEMPERATURE (Tale25°C | —+— = 
= - | 
ot to = 
| + sia part 0 
2 SS 
= os wo! - 
x © = oo 
< t 
§ —++4 ) 
& ol i 
> : 
£ 
pe ff ot 
Fa 
3 ES 
3 
3 
& | a 
g ———= LOAD CAPACITANCE (C, )=15 pF" 
<== C1 *S0pF 
! CoO 
2 

















0 10 10% 104 
INPUT FREQUENCY tg) —kHe 92C8~26K5RI 


Fig.9 — Typical dissipation characteristics. 








AMBIENT TEMPERATURE (T)) = 25°C 
LOAD CAPACITANCE (C.) «18 pF 
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INPUT PULSE FREQUENCY {f ¢)-MHz 





Oo s 0 ry 20 
SUPPLY VOLTS (Vp) 
92C8-27544R1 


Fig.10 — Typical input-pulse frequency 
vs. supply voltage, 


Yoo 


INPUTS 
Yoo NOTE 


MEASURE INPUTS 
SEQUENTIALLY, 
Vss TO BOTH Vop ANDO Vg: 


CONMECT ALL UNUSED 
INPUTS TO EITHER 


Yoo OF Vg 
vss 


9205-27002 


Fig.13 — Input-leakage-current test circuit. 





560 




















resistor-network driver for A/D and D/A 
conversion, as a transmission-line driver, and 
in other applications where high noise im- 
munity and low-power dissipation are pri- 
mary design requirements. 


CMOS Quad 
True/Complement 
Buffer 


These types are supplied in 14-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 
age (E suftix), 14-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


The RCA-CD4041A types are quad true/ 
complement buffers consisting of n- and 
p-channel units having low channel resistance 
and high current (sourcing and sinking)capa- 
bility. The CD4041A is intended for use as 
a buffer, line driver, or COS/MOS-to-TTL 
driver, It can be used as an ultra-low power 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tytg! Biggs cb Same Le RN Behe ML hee Eh atteeciiene —65 to +150°C 
OPERATING- TEMPERATURE RANGE (Ta? 
PACKAGE TYPES D,F,K,H cect eee -55 to +1256°C 
PACKAGE: TYPE: E% nigu via gan pant Pounanh baie tian paa ree ete daa hada -40 to +85°C 
OC SUPPLY-VOLTAGE RANGE, (Vop! 
(Voltages referenced to Vg Terminal)... 00.6. ce eee nee —0.6 to+15 V 
POWER DISSIPATION PER PACKAGE (Pp): 
FOR T,a= —40 to +60°C [PACKAGE TYPE E) ec eee 500 mW 
FOR T,= +60 to +85°C (PACKAGE TYPE E;) Derate Linearly at 12 mW/°C to 200 mw 
FOR T, = -55 to +100°C (PACKAGE TYPES D,F,K) eee 500 mw 


FOR Ty = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) 
INPUT VOLTAGE RANGE, ALL INPUTS.................... 
LEAD TEMPERATURE (OURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 5 max. 


Derate Linearly at 12 mw/°C to 200 mW 


100 mW 


+265°C 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that 
Operation is always within the following range: 


CHARACTERISTIC UNITS 
Supply Voltage Range (For Ta = Full Package 
Temperature Range) = iby e 
















Yoo Yop 
i | | 
* r 
INPUT TRUE 
© OUTPUT 
ss 7 ‘| 
* ss sg 
ALL INPUTS PROTECTED 
BY COS/MOS PROTECTION 
NETWORK Yoo 
—O COMPLEMENT 
OUTPUT 


Vss 92¢8- 20035! 


Fig. — CD4041A schematic diagram. 


CD4041A Types 


Vgs°7 
Vpo"!4 92C$-20034R) 





Features: 


True Output 
® High current source and sink capability 
8 mA (typ.) @ Vps =0.5 V, Vpp = 10 V 
3.2 mA (typ.) @ Vps= 0.4 V, Vpp =5 V 
(two TTL loads) 
Complement Output 
= Medium current source and sink capability 
3.6 mA (typ.) @ Vps = 0.5 V, Vpp = 10 V 
1.6 mA (typ.) @ Vps = 0.5 V, Vpp = 5 V 
= Quiescent current specified to 15 V 
= Maximum input peakage of 1 uA at 15 V 
(full package-temperature range) 
= 1-V noise margin (full package temperature 
range) 


Applications: 

a High current source/sink driver 
CMOS-to-DTL/TTL Converter 
Display driver 

MOS clock driver 

Resistor network driver 
{Ladder or weighted R) 

Buffer 

Transmission line driver 
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CD4041A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C and C; = 15 pF, Ru = 200 k2 
TEST LIMITS 





















CONDITIONS H E 
CHARACTERISTIC ’ ’ 
o Voo Packages Pack 
(Volts) | TYP. 






Propagation Delay Time: 
High-to-Low Level 


tPHL 


Output 
Output 10 
True 
Output 
Comp. 
True 

0 







Low-to-High Level 
tPLH 








Transition Time: 
High-to-Low Level 






NTN = si w 
o;C0 w a aro 







tTtHL | Comp. 
Output 
True 
Low-to-High Level Output 13 
trun | Comp. 35 
Output 10 





nN 


N 
oa 





nN N ~ wit 
a ol a aa 
+ 
=) RIX |] w& 
. 3 
a 





Input Capacitance Cy | Any Input 





‘SUPPLY VOLTAGE (V¥oQ 1°15 V 














vy f > Yo 
10] AMBIENT TEMPERATURE 
(Ta) #258 








t 


















































OUTPUT VOLTAGE (vo) -¥ 


OUTPUT VOLTAGE {¥p)-¥ 













































































an] 
175 20 
s2c8- 20048 


z 51S 
INPUT VOLTAGE (Vq}-¥ 


2 @ 6 a 0 1 14 16 18 


INPUT VOLTAGE (v})-V eateeeibas’ 
Fig.11 — Minimum and maximum transfer charac- 


Fig.10 — Minimum and maximum transfer charac- buds 
teristics — complement output. 


teristics — true output. 








AMBIENT TEMPERATURE 
(Ta) 25°C 





2 
t=) 


=p 
AMBIENT TEMPERATURE 
(Tq) = 25%C 











Fs 
o 








8 








TRANSITION TIME (typ )-nS 
w 
ie] 


fe} 
PROPAGATION DELAY TIME (tPLHINS. 











wm 2 30 40 50 “60 70 80 90 
LOAD CAPACITANCE (C_)-PF 
92¢$- 20047 


LOAD CAPACITANCE (C.)~ PF 
92s - 20048 


Fig.14 — Typical low-to-high level propagation 
delay time vs. Cy — true output. 


Fig.13 — Typical high-to-low level transition 
time vs. Cy — complement output. 
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AVERAGE DIS! 
OUTPUT (100 mw) 






0 
DRAIN-TO-SOURCE VOLTAGE {Vog)-¥ 
‘98C8- 20042 
Fig.8 — Minimum output n-channel drain charac- 
teristics —compiement output: 


AMBIENT TEMPERATURE (Tq) 28°C 


+ 
3 


8 


DRAIN CURRENT (Ip )-mi 
1 
a 


8 
o 


=15 -0 5 
DRAIN TO- SOURCE VOLTAGE (Vpg}-v ics 40065 


Fig.9 — Minimum output p-channel drain charac- 
teristics — complement output. 





AMBIENT TEMPERATURE 

















TRANSITION TIME (tTLH, tTHL)-aS 





0 20 30 40 50 6&6 WM 8 90 
LOAD CAPACITANCE (Cy_)-PF 
92CS - 20046 


Fig.12 — Typical transition time vs. 
Cy — true output. 





] 
AMBIENT TEMPERATURE, 

















PROPAGATION DELAY TIME (tp_H)nS 








LOAD CAPACITANCE (C_)~PF 
925 -20049 


Fig.15 — Typical low-to-high level Propagation 
delay time vs. Cy — complement output. 

















CD4041A Types 










































STATIC ELECTRICAL CHARACTERISTICS MANINUM AVERAGE 2 AMBIENT TEMPERATURE! 
PER OUTPUT [100 mw)” saith Fecte snese ns 
100 iti 

Limits at Indicated Temperatures (°C) 7° 

Beata tei A Ze 
cteristi " s 

aces) Yop +125 | —40 +85 Be 

wi Ty. | Lint C 
Quiescent Device f-{, - [sf 1 | i 


fo.005| 1 | 60 | 10 
Current, It. [-| -— [10] 2 [0.005] 2 | 120 | 


20 
Max.[-[ — | 15] 25 [025 | 25 [000] 250 | 2.5 | 250 |2600 ° 


Output Voltage: 















is 


0 Typ.; 0.05 Max. 


5 10 
Low-Level, 05 ORAIN-TO-SOURCE VOLTAGE (Vog)-V 

0 Typ.; 0. Max. See F1G.17 FOR INPUT RISE AND FALL. 9208-20036 
TIME LIMITATIONS 



























































































































































































































































































































































































































































































































































































































4.95 Min.; 5 Typ. Fig.2 — Typical output n-channel drain charac- 
9.95 Min.; 10 Typ. teristics — true output. 
Noise Immunity: : 
| 1.5 Min.; 2.25 Typ. WAX. AVERAGE DISSIPATION HHTHTHT Fr 
nputs Low, = cy PER OUTPUT (100 mW} 
3 Min.; 4.5 Typ. vost 3 
20] loan 
1.5 Min.; 2.25 Typ. ta : ; # 
3 Min.; 4.5 Typ. 5 ~0hvggetf>o-d > "5 HEHEHE Ht 
= 50) Ln. sea oe tH 
Noise Margin: : 2 q ; Hee 
| L 1 Min. Fy Ves 
uN ae aaa fee" 
z j GROUNDED aes tf 
i : 
aM “| eee 
Bare | aaa Se 
: : moneaeey 
Output Drive t of prestiiess AMBIENT TEMPERATURE (Ta) 25°C 
. =10 5 ° 
Current: > : DRAIN-TO-SOURCE VOLTAGE (¥pg)-V 
N-Channel 92cs-20087 
{Sink}, ; : 
Fig.3 — Typical output p-channel drain cherac- 
teristics — true output. 
P-Channel 
(Source) = i MAX. AVERAGE DISSIPATION pists HET 
ipP Min . . PER OUTPUT (100mw) % —GATE-TO- SOURCE VOLTAGE gs aS: 
¢ 50 
“5 y 
input Leakage 40 = 
< : 
Current, £10-5 Typ.; 1 Max. fr Levog 
Ne. WH 2 ac 
: si 
= 1p 
3 + 
z OTHER INPUTS. 


























































































































5 10 1S 
DRAIN-TO- SOURCE VOLTAGE (Vg) -V 


SEE FIG.17 FOR INPUT RISE AND FALL 92C5 -20038 
TIME LIMITATIONS. 





Fig.4 — Typical output n-channel drain charac- 
teristics — complement output. 














































































































AMBIENT TEMPERATURE {Tals 25° 
AMBIENT TEMPERATURE Lal. 
(Ta)= 25°C. Vos 
-~ co: 
t ‘ 
3 Fe) 
i 4 
§ = -%0 Veg"~ 8" 
a E CO4041AE: 
3 
i i 
an is 
GATE-TO-SOURCE VOLTAGE (Vgq) «-15V isakessast 
= THe MAXIMUM AVERI { 
DISSIRATION PER OUTPUT: 
=] (10Omw } 
fetes 
DRAIN-TO-SOURCE VOLTAGE (Vog)-v ay 
2208-20038 ORAIN-TO-SOURCE VOLTAGE (Vpq)-v ORAIN-TO-SOURCE VOLTAGE (Vps}-v 92¢8-200a 
s2cs-20040 
Fig.5 — Typical output p-channe! drain cherac- Fig.6 — Minimum output n-channel drain charac- Fig.7 — Minimum output p-channel drain charac- 
teristics — complement output. teristics — true output. teristics — true output. 
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CD4041A Types 








































































































g 
a 
2 
105] 
° 
8 
a ‘a 
2 g 
P08 i “oo 
re z 
oes 3 Yoo 
gy 2 © INPUTS, 
Ep : ° 
ae 2 Vss 
i ; 
2 
; ~ 12. 3 
$ a 
H 3 
: 5 
« 
’ 
° H 
4 
2 
tii L Vss 
wre Feb oae FORKS? SEBO ES 48 Q7 92cs- 27401 
FREQUENCY (f) He 82CE- 2000) 
92.5: 20081 
Fig. 16 — Typical power dissipation vs. Fig.17 — Typical power dissipation vs. input Fig.18 — Quiescent device current test circuit. 
frequency per output pair. rise & fall time per output pair. 
Yoo 
Yoo 
INPUTS ouTPUTS 
¥, ¥, INPUTS 
00° "NH : 
a m Yoo NOTE: 
o Sore MEASURE INPUTS 
YN = ° SEQUENTIALLY, 
= ss TO BOTH Vpp AND Ves 
NOTE: CONNECT ALL UNUSED 
TEST ANY ONE INPUT, INPUTS To EITHER 
Vss WITH OTHER (NPUTS AT Yop OR Veg: 
szcs-27400 VOD OR Vas: Vss 
92CS- 27002 
Fig.19 — Noise immunity test circuit. Fig.20 — input leakage current test circuit. 
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CMOS Quad Clocked “D” Latch 


The RCA-CD4042A types contain four latch 
circuits, each strobed by a common clock. 
Complementary buffered outputs are availa 
ble from each circuit. The impedance of the 
n- and p-channel output devices is balanced 
and all outputs are electrically identical. 

Information present at the data input is 
transferred to outputs Q and © during the 
CLOCK level which is programmed by the 
POLARITY input. For POLARITY = 0 the 
transfer occurs during the 0 CLOCK level 
and for POLARITY = 1 the transfer occurs 
during the 1 CLOCK level. The outputs 
follow the data input providing the CLOCK 


and POLARITY levels defined above are 
Present. When a CLOCK transition occurs 
(positive for POLARITY = Q and negative 
for POLARITY = 1) the information present 
at the input during the CLOCK transition is 
retained at the outputs until an opposite 
CLOCK transition occurs. 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolu te-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tig) 
OPERATING-TEMPERATURE RANGE {Ta): 
PACKAGE TYPES D, F, K,H 
PACKAGE TYPE E 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vss Terminal): 
POWER DISSIPATION PER PACKAGE (Pp): 
FOR Ta = —40 to +60" C (PACKAGE TYPE E) 
FOR Ta = +60 to +85 °C (PACKAGE TYPE E ) 


FOR T, = -65 to +100°C (PACKAGE TYPES D, F, K) 
FOR Tp, = +100 to +125°C (PACKAGE TYPES D, F, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


aieisen torent tahiten tye, gots ang —65 to +150°C 


Se etendata eid alts ns Aabcery —55 to +125°C 
it Ne Ba Pedy yeah ese nr asa aiter ee —40 to 485°C 


naan be aye oe asa Ree Reece Ie eo —0.5 to +15 V 


. .Derate Linearly at 12 mw/°C to 200 mw 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)....... 100 mw 


INPUT VOLTAGE RANGE, ALL INPUTS 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 £0.79 mm) from case for 10s max +265°C 


CHARACTERISTIC 


Propagation Delay 
Time: tPHL, tPLH 
Data In toQ 


Data In to 0 


Clock to Q 


Clock to G 


Transition Time: 
tTHL, tTLH 

Minimum Clock 
Pulse Width, tw 


Minimum Hold 
Time, tH 

Minimum Setup 
Time, ts 

Minimum Clock Rise 

or Fall Time: tr , t¢ 

Input Capacitance, Cy 
(Any Input) 


R, = 200 KQ. 





pocanity } [> + { >—p 


CD4042A Types 


POLARITY 
6 


Yoo" 
VssO— 


9209-2019) 


CD4042A 
FUNCTIONAL DIAGRAM 





Features: 


Clock polarity control 

Q and O outputs 

Common clock 

Low power TTL compatible 

Quiescent current specified to 15 V 
Maximum input leakage of 1 A at 15 V 
(full package-temperature range) 

@ 1-V noise margin (full package-temperature 
tange) 


Applications: 


@ Buffer storage 
® Holding register 
= General digital logic 











[eon ROL e 
* 
Clock TS cl 
3 
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1G ck 
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RECOMMENDED OPERATING CONDITIONS at Ta= 25°C, Except as Noted. AMBIENT TEMPERATURE (74) + 25°C 
For maximum reliability, nominal operating conditions should be selected so that acacia Reda eR Manan 
operation is always within the following ranges: < 5. 
rg 2 GATE-TO-SOURCE VOLTAGE (Vos) #IS Vv 
LIMITS 5 0 
VoD | DFKH E UNITS : 
CHARACTERISTIC vy Ns £45 
(v) Packages Package = Toy 
Cain eatin 
Supply-Voltage Range 5 
(For Ta = Full Package v ar+H4 
Temperature Range) ° 25. 25 #7 0 2S 15 





DRAIN— TO — SOURCE VOLTAGE (Vps)-v 
9205- 20186RI 


Clock Pulse 
Width, tw 
Hold Time, ty 


Clock Rise or Fall 
Time: t,, ty 


Fig. 2 — Typical output n-channel drain 
characteristics. 







DRAIN- TO- SOURCE VOLTAGE (Vpg)—V 


350 
175 





AMBIENT TEMPERATURE (Ta) = 25°C * 
TYPICAL TEMPERATURE COEFFICHENT FOR Ip *-0.3%/°C 





‘9208-20007 
Fig. 3 — Typical output p-channel drain 
characteristics. 


Quiescent Device 
Current, I, Max. 


Output Voltage: 
Low-Level, 
VOL 
High Level, 
VOH 

Noise Immunity: 
Inputs Low, 
VNL 
Inputs High, 


VNH 

Noise Margin: 
Inputs Low, 
VNML 


Inputs High, 
VNMH 


Output Drive 
Current: 
n-Channel 
(Sink), 

IpN Min. 


p-Channel 

(Source), 

IpP Min. 
input Leakage 

Current, 

fin, "tH Max. 





0 Typ.; 0.05 Max. 
0 Typ.; 0.05 Max. 
4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 
1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 





}404200,CO4042AK, | mm 
CD4042AF 


cos042ae }- ~- 





$s 
ORAIN — TO — SOURCE VOLTAGE {Vos} 
92¢$- 2008 


Fig. 4 — Minimum n-channel drain characteristics. 
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AMBIENT TEMPERATURE (Ta)! 25 °C 

TYPICAL TEMPERATURE COEFFICIENT 
FOR Ip*~0.3%/°C i 
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Fig. § — Minimum p-channel drain characteristics. 
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i ezcs-27691 
Low patal Fig. 7 — Typical propagation delay time vs, 
LATCHED | load capacitance— data to Q. 
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2 
= 
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92CS-27635 
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Fig. 9 — Typical propagation delay time vs. load 
4 ot capacitance — clock to Q. 
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C iof. Ny 
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CLOCK FREQUENCY (fc, )— Hr 
9208-20200 
Fig. 11 — Typical dissipation characteristics, 
Vss 
s2c3- 27005 


Fig. 12 — Quiescent device current test circuit. 


Yoo 
INPUTS 
Yoo NOTE 
SG) MEASURE INPUTS 
° SEQUENTIALLY, 
Vss TO BOTH Vpp AND Ves, 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Yop Vss 
vss 


9208-27002 


Fig. 14 — Input leakage current test circuit 





CD4042A Types 





AMBIENT TEMPERATURE (Ta) * 28°C 


PROPAGATION DELAY TIME (tpi. tpLy) — 88 





° 20 40 Cy 80 oo 120 
LOAD CAPACITANCE (C_) — OF 
9208-27632 


Fig. 8 — Typical propagation delay time vs. load 
capacitance — data to O. 
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400) 


i 
E: 
3 
2 20 
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LOAD CAPACITANCE (C_) — pF 
92CS-27634 
Fig. 10 — Typical propagation delay time vs. load 


capacitance — clock to Q. 





Yoo 
INPUTS OUTPUTS 
e 
NOTE 
Vss TEST ANY COMBINATION 
OF INPUTS 
92CS-2 7441 


Fig, 13 — Noise immunity test circuit. 
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CD4043A, CD4044A Types 


CMOS Quad 3-State 
R/S Latches 


Quad NOR R/S Latch — CD4043A 
Quad NAND R/S Latch —- CD4044A 


The RCA-CD4043A types are quad cross- 
coupled 3-state CMOS NOR latches and the 
CD4044A types are quad cross-coupled 
3-state CMOS NAND latches. Each latch 
has a separate Q output and individual SET 
and RESET inputs. The Q outputs are con- 
trolied by a common ENABLE input. A log 
ic “1” or high on the ENABLE input con- 
nects the latch states to the Q outputs. A 
logic “0” or low on the ENABLE input 
disconnects the latch states from the Q out- 
puts, resulting in an open circuit condition 
on the Q outputs. The open circuit feature 
allows common busing of the outputs. The 
logic operation of the latches is summarized 
in the truth table shown in Fig. 1. 

These types are supplied in 16-lead hermetic 
dual-in-tine ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


CD4043A ss 
FUNCTIONAL DIAGRAM 


‘92cs-Z02ZZIARI 





Applications: 


@ Holding register in multi- 
register system 

@ Four bits of independent 
storage with output ENABLE 

® Strobed register 

@ General digital logic 


MAXIMUM RATINGS, Absolu te-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tgtg). 0 Sree . 65 to +150°C 
OPERATING-TEMPERATURE RANGE (Ta): ‘ 
PACKAGE TYPESD,F,K,H fee ce eee ee teens 85 to 125°C 
PACKAGE TYPE Eo... ee et cece tenn enes —40 to +85°C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


POWER DISSIPATION PER PACKAGE (Pp): 


FOR Ta = —40 to 460°C (PACKAGE TYPE E) we ees a -500 mW 
FOR Ta = +60 to +85°C (PACKAGE TYPE E} ...... Derate Linearly at 12 mW/ C to 200 mW 
FOR Tg = -55 to +100°C (PACKAGE TYPES DYFIK) nc e2e li ceo a cess sacs etiena Deve 500 mW 


FOR Ty, = +100 to +125°C (PACKAGE TYPES D,F,K) _ . . .Derate Linearly at 12 mwi/°C to 200 mw 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)... .... 100 mW 
INPUT VOLTAGE RANGE, ALLINPUTS ... 2... 0000 cee eee eee eee —0.5 to Vpp +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 2 

_ Atdistance 1/16 + 1/32 inch (1.59 £0.79 mm) from case for 10smax..... ee ees +265 C 


RECOMMENDED OPERATING CONDITIONS at Ty = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 









CHARACTERISTIC 








Supply-Voitage Range 
(For Ta = Full Package 
Temperature Range 


Set or Reset Pulse 
Width, tyy 





92CS- 20222 


FUNCTIONAL DIAGRAM 


Features: 


3-Level outputs with common 
output ENABLE 

Separate SET and RESET inputs 
for each latch 

NOR and NAND configurations 
Quiescent current specified to 15 V 


Maximum input leakage of 1 uA at 15 V 
(full package-temperature range) 

1-V noise margin (full package-temperature 
range) 


C040434-NOR 





“OPEN CIRCUIT 
+ NO CHANGE 
4 DOMINATED BY S«t INPUT 


92c8-20211 ALL INPUTS ARE PROTECTED BY 


COS/MOS PROTECTION NETWORK 
9208-22887R) 
¢D4044A-NAND 
(tk ONE OF FOUR LATCHES } 
I an 





5 
: 
ENABLE L ri = 





*OPEN CIRCUIT 
+ NO CHANGE 


4A DOMINATED BY R*0 INPUT 
92CS- 20212 


Fig. 1-— Logic diagrams and truth tables. 
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CD4043A, CD4044A Types 


STATIC ELECTRICAL CHARACTERISTICS 


D, F, K, H Packages E Package 
Vin] rae 
(v)} (v) 5 imi 

















Characteristic 







Quiescent Device 
Current, 1, Max. 


£. 
a 
EER 
abel 
Ex 


Output Voltage: 
Low-Level, 
VoL 
High Level, 
VOH 
Noise Immunity: 
Inputs Low, 
VNL 
Inputs High, 
VNH 
Noise Margin: 
Inputs Low, 
VNML 
Inputs High, 
VNMH 


0 Typ.; 0.05 Max. 


0 Typ.; 0.05 Max. 
4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 












1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


1.5 Min.; 2.25 Typ.; 
3 Min.; 4.5 Typ. 



















Output Drive 
Current: 
n-Channel 
(Sink), 

IpN Min. 


p-Channel 
(Source), 
IpP Min. 
Input Leakage 

Current, 
Ne NH 


<< 
eee] Efele [a isle fee pt gs 







DYNAMIC ELECTRICAL CHARACTERISTICS at Tq = 25°C; Input t,, ty = 20 ns, Cy = 15 pF, 
Ry = 200 k2 


LIMITS 


D,F,K,H 


CHARACTERISTIC Packages 


Propagation Delay 

Time: tpHL. tPLH 

SET or RESET toQ 
3-State Propagation Delay 


Time: ENABLE to Q 
tPHZ tPZH 


PLZ, tPZL. 


Transition Time: 
tTHL: tPLH 


Minimum SET or RESET 
Pulse Width, ty 


Average Input Capacitance, Cy 
(Any Input) 
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TYPICAL TEMPERATURE COEFFICIENT, 
[FOR Tp-O.3 FOC aHH 
} Ht 
HEE sites i 
+ Che 
1 28 aR ‘ t] 
ke saaray saan 
a Ct ay 4 
ant ae 
20 Troy, het a4 
le tack = 
ks Hee { 
je 15 40% + t+ seas 
5 Trt tt csosesene: 
S TOT 
10] : Het t 4 
wa as qua meuanee + 
| 7 eM tases tases, rte ce 
H tere tsseagees! pease 
l ides I idee stasc anal t 





5 18 
ORAIN-TO-SOURCE VOLTAGE (Vpg)--V 
92C$- 20215 


Fig.2 — Typical output n-channel drain 
characteristics. 
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9268-20216 


Fig, 3 — Typical output p-channel drain 
characteristics. 
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DRAIN CURRENT (Ipi— ma 
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i CD4043AE 
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ORAIN-TO-SOURCE VOLTAGE (VpgI—V 
9208-20217 


Fig. 4- Minimum n-channel drain characteristics. 
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Fig. 5 ~ Minimum p-channel drain characteristics. 
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CD4043A, CD4044A Types 














































































































































































































































































































































































































































































































‘380° AMBIENT TEMPERATURE (Tal 25°C -+1 saan TTT pay ‘AMBIENT TEMPERATURE (Tale 25sec 
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Fig. 6 ~ Typical propagation delay time vs. Cy. 
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tNPUTS: 
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92c3- 2740) 


Fig. 9 — Quiescent device current test circuit. 
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POINT «1/3 Vo9 
Ne Vpp oA 
POINT A 


r_A ™ 2/3 Vop 
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—*1/3V pp 


92¢9-27597 


Fig. 12 — ENABLE propagation delay time test circuit and waveforms. 


APPLICATIONS 


44 €D4043 44 CD4046 





Yoo 


92¢s-20209R1 


Fig. 13 — Switch bounce eliminator. 
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vss 





Fig. 7 — Typical transition time vs, C,. 


OUTPUTS 


“e 


NOTE: 
TEST ANY ONE INPUT, 
WITH OTHER INPUTS AT 


szes- 27400 YOO OR Vss 


Fig. 10 ~ Noise immunity test circuit. 
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POWER DISSIPATION/OEVICE [Pp}— pW 























INPUT FREQUENCY — Hr 


g2cs- zor 


Fig. 8- Typical dissipation characteristics. 
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INPUTS: 
Yoo 
°° ) . 
Vss 


Vss 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Vpp ANO Vgs; 


CONNECT ALL UNUSED 
INPUTS TO EITHER 


Voo OR Vgs- 


C3 27802 


Fig. 11 — Input leakage current test circuit. 
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Fig. 14 — Multiple bus storage. 
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CMOS 21-Stage Counter 


The RCA-CD4045A is a timing circuit con- 
sisting of 21 counter stages, two output- 
shaping flip-flops, two inverter output 
drivers, three 5.5-V zener diodes (providing 
transient protection at 16.5 V), and input 
inverters for use in a crystal oscillator. The 
CD4045A configuration provides 21 flip- 
flop counting stages, and two flip-flops for 
shaping the output waveform for a 3.125% 
duty cycle. Push-pull operation is provided 
by the inverter output drivers. 

The first inverter is intended for use as a 
crystal oscillator/amplifier. However, it may 
be used as @ normal logic inverter if desired. 
A crystal oscillator circuit can be made less 
sensitive to voltage-supply variations by the 
use of source resistors. In this device, the 
sources of the p and n transistors have been 
brought out to package terminals. If external 
resistors are not required, the sources must 
be shorted to their respective substrates (Sp 
to Vpp, Sp to Vgg). See Fig. 3. 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


Applications: 


@ Digital equipment in which ultra-low 
dissipation and/or operation using a 
battery source are primary design 
requirements. 

@ Accurate timing from a crystal 
osciflator for timing applications 
such as wall clocks, table clocks, 
automobile clocks, and digital 
timing references in any circuit 
requiring accurately timed outputs 
at various intervats in the counting 
sequence. 

® Driving miniature synchronous motors, 
stepping motors, or external bipolar 
transistors in push-pull fashion. 


MAXIMUM RATINGS, Absolu te-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Teg)... - . - 


OPERATING-TEMPERATURE RANGE (Ta): 


PACKAGE TYPES D,F,K,H ......-..-. the 


PACKAGE TYPE E 


suit TAGES A. oe oleh oe chal —65 to +150°C 


eA Ree BE te BB to +125°C 
te hea tt de anh t eatin Sad ans —40 to +85°C 





POWER DISSIPATION PER PACKAGE (Pp): 


FOR Ta= ~40 to +60°C (PACKAGE TYPEE) 0... 0 eee eee 500 mw 

FOR Ta= +60 to +85°C (PACKAGE TYPEE} .....,... Derate Linearly at 12 mW/°C to 200 mW 

FOR Ta = -55 to +100°C (PACKAGE TYPES D,F,K) ee eee 500 mW 

FOR T, = +100 to +125°C (PACKAGE TYPES D,F,K) ..... Derate Linearly at 12 mw/°C to 200 mw 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)......... 100 mw 
INPUT VOLTAGE RANGE, ALLINPUTS...........000% tidew Gu ate oie -0.5 to Vpp +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 +1/32 inch (1.59 £0.79 mm} from case for (0s max... ees +265°C 


RECOMMENDED OPERATING CONDITIONS at Ta = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


LIMITS 


D,F,K,H E 
Packages 


CHARACTERISTIC 


Supply-Voltage Range (For Ta=Full 
Package- Temperature Range) 


Input-Pulse Width, tw 





CD4045A Types 


4, 5,6 ,9,10,11, 12,13 
NO CONNECTION 
9205-20943 


CD4045A 
FUNCTIONAL DIAGRAM 





Features: 


@ Microwatt quiescent dissipation...... 
2.5 UW (typ.) @ Vpp =5V; 


10 pAN (typ.) @ Vpp = 10 V 
® Very low operating dissipation ...... 
1 mW Ityp.}; @ Vpp = 5 V, f= 1 MHz 
® Output drivers with sink or source 
capability ...... 
7 mA (typ.) @ Vo = 0.5 V, 
Vop = 5 V (sink) 
5 mA (typ.) © Vo = 4.5 V, 
Vpp = 5 V (source) 


@ Medium speed (typ.)..... 
fo = 5 MHz @ Von =5 V 
f= 10 MHz @ Vpp = 10 V 


™ 16.5 V zener diode transient protection 
on chip for automotive use 

@ Quiescent current specified to 15 V 

@ Maximum input leakage current of 1 uA 
at 15 V (full package-temperature range) 

@ 1-V noise margin (full package-temper- 
ature range) 


NOTE 1: To minimize power dissipation in the 
zener diodes, and to ensure device 
dissipation less than 200 mW, a 150 G2 
current-limiting resistor must be placed 
in series with the power supply for 
Vpp >13V. 


NOTE 2: Observe power-supply terminal connec- 


tions, Vpp is terminal No, 3 and Vgg is 
terminal No. 14 (not 16 and 8 respec- 
tively, as in all other CO4000A Series 
16-lead devices). 
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CD4045A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t, ,ty = 20 ns, 


TEST 


CHARACTERISTIC | CONDITIONS 


Propagation Delay Time: 
oto y or ytd out 
tPLH. tPH 


Transition Time: 
tTHL- tTLH 


Maximum Input-Pulse 
Frequency, fimo 


Minimum Input-Pulse 
Width, tw 


Input-Pulse Rise & Fall 
Time; to, te 


Average Input 
Capacitance, Cj 








COMPONENT VALUES 
AND TYPICAL OSCILLATOR 
CURRENTS 


2.097152 
Mr 


He EXTERNAL | 


COMPONENTS: 












SCHEMATIC OF 
FIRST INVERTER 


Cy = 15 pF, Ry = 200 kQ 


D, F, K,H 
Packages 








Pi ss ees oe 
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AMBIENT TEMPERATURE (Ta)=25°C 
TYPICAL TEMPERATURE COEFFICIENT 
*< AT ALL VALUES OF Vgs*-0.3%/*C 
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DRAIN-TO-SOURCE VOLTAGE (Vpsi—v 
92C8-20896R1 


Fig. 1 ~ Typical output n-channel drain 














































































































































































































































































































































































































































































































characteristics. 
AMBIENT TEMPERATURE (Ta )* 25°C Ht 
TYPICAL TEMPERATURE COEFFICIENT 
ALL VALUES OF Vgs*-0.3 %/9%C el 
< 
€ 
! 
z 
a 
ra) it 
Pad 
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rd 
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5 
3 
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a ft 
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z ‘CD4045AD, K, F,H = 
o FRE oN PACKAGES 
. H v co40asae-—— 

?" +iHt CD4045AY 

° 2 4 6 8 0 12 (¢ 


DRAIN TO SOURCE VOLTAGE (Vps)-V 
92CS-20097RI 
Fig. 2 — Minimum output n-channel drain 


characteristcs, 


ORAIN TO SOURCE VOLTAGE (V¥ps)—V 
-i4 ~12 ~10 -8 -6 an -2 oO 















































































































































































































































































































































92cm-20895 


Fig. 3 — CD4045A and outboard components in a typical 21-stage counter application. 
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Fig. 5 — Minimum output p-channel drain 
characteristics. 
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Fig. 4 — Typical output p-channel drain 


characteristics. 
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Fig. 6 — Typical dissipation vs input frequency 
(21 counting stages). 
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Fig. 7 — Typical zener diode characteristics. 
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CD4045A Types 





[AMBIENT TEMPERATURE (Tq) = 29°C 





STATIC ELECTRICAL CHARACTERISTICS 


Limits at Indicated Temperatures (°C) 
D, F, K, H Packages E Package 


Cherscrenstic vo [vin Moo) eel —"28 | 25 | aa] 
wv) | iw) | wv) 
0.6 | 


+! 
Quiescent Device 


40 
Limit! 
| 15 | 900 | 50 | 1 | 50 | 
Current I Max. | 1 | 25 [1500] | 100 | 
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Fig. 8 — Typical propagation delay (, to 
y orytd out) vs Vpn. 
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Fig. 10 — Typical maximum input-pulse 
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Fig. 71 — Quiescent-device-current Fig. 12 — Noise-immunity test circuit. Fig. 13 ~— lnput-leakage-current test circuit. 


test circuit. 
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CD4046A Types 


CMOS Micropower Phase-Locked Loop 


The RCA-CD4046A CMOS Micropower 
Phase-Locked Loop (PLL) consists of a low- 
power, linear voltage-controlled oscillator 
(VCO) and two different phase comparators 
having a common signal-input amplifier and 
a common comparator input. A 5.2-V zener 
diode is provided for supply regulation if 
necessary. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 


VCO Section 


The VCO requires one external capacitor C1 
and one or two external resistors (R2? or 21 
and R2). Resistor R1 and capacitor C1 
determine the frequency range of the VCO 
and resistor R2 enables the VCO to have a 
frequency offset if required, The high input 
impedance (101292) of the VCO simplifies 
the design of low-pass filters by permitting 
the designer a wide choice of resistor-to- 
capacitor ratios. In order not to load the 
low-pass filter, a source-follower output of 
the VCO input voltage is provided at terminal 
10 (DEMODULATED OUTPUT). !f this 
terminal is used, a load resistor (Rs) of 10 
kQ or more should be connected from this 
terminal to Vsg. If unused this terminal 
should be left open. The VCO can be con- 
nected either directly or through frequency 
dividers to the comparator input of the 
phase comparators. A full CMOS logic 
swing is available at the output of the VCO 
and allows direct coupling to CMOS 
frequency dividers such as the RCA-CD4024, 
CD4018, CD4020, CD4022, CD4029, and 
CD4059, One or more CD4018 (Preset- 
table Divide-by-N Counter) or CD4029 (Pre- 
settable Up/Down Counter}, or CD4059A 
(Programmable Divide-by-‘‘N’’ Counter), to- 
gether with the CD4046A (Phase-Locked 
Loop) can be used to build a micropower 
low-frequency synthesizer. A logic 0 on the 
INHIBIT input “enables’”” the VCO and the 
source follower, while a logic 1 “turns off” 
both to minimize stand-by power consump- 
tion. 

Phase Comparators 


The phase-comparator signal input (terminal 
14) can be direct-coupled provided the signal 
swing is within CMOS logic levels [logic 
“0” <30% (Vpp—Vss). logic “1 2 70% 
(Vpp—-Vss)}. For smaller swings the signal 
must be capacitively coupled to the self- 
biasing amplifier at the signal input. 

Phase comparator [ is an exclusive-OR net- 
work; it operates analagously to an over- 
driven balanced mixer. To maximize the lock 
range, the signal- and comparator-input fre- 
quencies must have a 50% duty cycle. With 
no signal or noise on the signal input, this 
phase comparator has an average output 
voltage equal to Vpp/2. The low-pass filter 
connected to the output of phase comparator 
I supplies the averaged voltage to the VCO 
input, and causes the VCO to oscillate at the 
center frequency (fg). 


The frequency range of input signals on 
which the PLL will lock if it was initially 


Features: 


® Operating frequency range up to 1.2 MHz (typ.) 


Very low power consumption: 
70 pW (typ.) at VCO fg = 10 kHz, Vpp = 5 V 


at Vpp = 10 V 
Wide supply-voltage range: Vpp — Vss=5 
to 15 V 
Low frequency drift: 0.06%/°C (typ.) 
at Vpp = 10 V 
SONAL 





Yoo 
o2 
GATES 
IN R DI 
Yss 


ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK. 


92CS$-22687R\ 


Fig.1 — COS/MOS phase-locked loop block diagram. 


92CS-20006R! 


Choice of two phase comparators: 
1. Exclusive-OR network 
2. Edge-controlled memory network with 
phase-pulse output for lock indication 


@ High VCO linearity: 1% (typ.) 


VCO inhibit contro! for ON-OFF keying 

and ultra-low standby power consumption 
Source-follower output of VCO control input 
(Demod. output) 

Zener diode to assist supply regulation 
Quiescent current specified to 15 V 
Maximum input leakage current of 1 pA 

at 15 V (full package-temperature range) 


Applications: 


MAXIMUM RATINGS, Adbsolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Teg) 

OPERATING. TEMPERATURE RANGE (Ta) 
PACKAGE TYPES D,F,K,H_ . 
PACKAGE TYPE E f8 ede ecb 

OC SUPPLY-VOLTAGE RANGE, (Vop) 
(Voltages referenced to Vg Terminal} 

POWER DISSIPATION PER PACKAGE (Pp) 
FOR T ,= -40 to +60°C (PACKAGE TYPE E) 


FOR T,= +60 to +85°C (PACKAGE TYPE E) 


FOR Tx, = -55 to +100°C (PACKAGE TYPES D, F, K) 


FOR T, = +100 to +125°C (PACKAGE TYPES D,F,K) ... 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T, = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES)....... 


INPUT VOLTAGE RANGE, ALL INPUTS 
LEAD TEMPERATURE (OURING SOLDERING) 


At distance 1/16 + 1/32 inch (159 + 0.79 mm) from case for 10 s max. 


out of lock is defined as the frequency cap- 
ture range (2f,). 

The frequency range of input signals on 
which the loop will stay locked if it was 
initially in lock is defined as the frequency 
lock range (2f_). The capture range is < the 
Jock range. 

With phase comparator I the range of fre- 
quencies over which the PLL can acquire 
lock (capture range) is dependent on the 
low-pass-filter characteristics, and can be 
made as large as the lock range. Phase-com- 


FM demodulator and modulator 
Frequency synthesis and multiplication 
Frequency discriminator 

Data synchronization 
Voltage-to-frequency conversion 
Tone decoding 

FSK — Modems 

Signal conditioning 

(See ICAN-6101) “RCA CMOS 
Phase-Locked Loop — A Versatile 
Building Block for Micropower 
Digital and Analog Applications” 


~65 to +150°C 


-55 to +125°C 
—40 to +85°C 


-0.5 to +15 V 


500 mW 
Derate Linearly at 12 mW/°C to 200 mW 
500 mW 
. Derate Linearly at 12 mW/°C to 200 mW 


100 mW 


+265°C 


parator I enables a PLL system to remain 
in lock in spite of high amounts of noise 
in the input signal. 

One characteristic of this type of phase com- 
parator is that it may lock onto input fre- 
quencies that are close to harmonics of the 
VCO center-frequency. A second charac- 
teristic is that the phase angle between the 
signal and the comparator input varies be- 
tween 0° and 180°, and is 90° at the center 
frequency. Fig. 2 shows the typical, trian- 
gular, phase-to-output response characteristic 


a 
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3 Yoo 
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E 

a Voove 

3 

Fy 0 90°80" 


SIGNAL-TO- COMPARATOR 
WPUTS PHASE DIFFERENCE 


92¢S-20009 


Fig.2 -— Phase-comparator | characteristics 
at low-pass filter output. 


of phase-comparator I. Typical waveforms 
for a CMOS phase-locked-loop employing 
phase comparator I in locked condition of fo 
is shown in Fig. 3. 


SIGNAL INPUT (TERM. 14} SL 
VCO OUTPUT (TERM 4) 
COMPARATOR INPUT ae) am lees 


(TERM 3) 


CUTPUT rene ES 


—Voo 
VCO INPUT (TERM. 9}5 0 ee” 
“LOW-PASS FILTER 
OUTPUT —Vss 
9208-20008 


Fig.3 — Typical waveforms for COS/MOS phase- 
locked loop employing phase comparator 
1 in locked condition of fg. 


Phase-comparator II is an edge-controlled 
digital memory network. It consists of four 
flip-flop stages, control gating, and a three- 
state output circuit comprising p- and n-type 
drivers having a common output node. When 
the p-MOS or n-MOS drivers are ON they 
pull the output up to Vpp or down to 
Vss, respectively. This type of phase com- 
parator acts only on the positive edges of 
the signal and comparator inputs. The duty 
cycles of the signal and comparator inputs 
are not important since positive transitions 
control the PLL system utilizing this type 
of comparator. If the signal-input fre- 
quency is higher than the comparator-input 
frequency, the p-type output driver is main- 
tained ON most of the time, and both the 
n and p drivers OFF (3 state) the remainder 
of the time. If the signal-input frequency 
is lower than the comparator-input frequen- 
cy, the n-type output driver is maintained 
ON most of the time, and both the n and 
p drivers OFF (3 state) the remainder of 
the time. If the signal- and comparator- 
input frequencies are the same, but the 
signal input lags the comparator input in 
phase, the n-type output driver is main- 
tained ON for a time corresponding to the 
phase difference. {tf the signal- and com- 
parator-input frequencies are the same, but 
the comparator input lags the signa! in phase, 
the p-type output driver is maintained ON 
for a time corresponding to the phase dif- 
ference. Subsequently, the capacitor voltage 
of the low-pass filter connected to this phase 
comparator is adjusted unti! the signal and 
comparator inputs are equal in both phase 
and frequency. At this stable point both p- 
and n-type output drivers remain OFF and 
thus the phase comparator output becomes 
an open circuit and holds the voltage on the 
capacitor of the low-pass filter constant. 





CD4046A Types 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 


CHARACTERISTIC 


Supply Voltage Range (For T, = Full Package 
Temperature Range 





ELECTRICAL CHARACTERISTICS at T, = 25°C 


Test Conditions 
Characteristic Vo lvop All Package Types 
Volts 


Volts [ Min. | Typ. | Max. | 


; VCO Operation .- 75 J] - J 15] 
Dpsrenny supe Veliate \OD= Yes | canpanteanely. 1] gs = a 


Totat Quiescent Device Current, IL: 2 
Term. 14 Open 


Phase Comparator Section 


Term. 15 open 
Term. 5at Vpp 


Term, 14 at Vgs or Vop Terms. 3 & 9 at Vss 


Term. 14 (SIGNAL IN) 
Input Impedance, 
18 
AC-Coupled Signal Input 
Voltage Sensitivity* 
(peak-to-peak) 


DC-Coupled Signal Input 


and Comparator Input 
Voltage Sensitivity 
Low Level 


High Level 


Output Drive Current: 


n-Channel (Sink), 








SIGNAL INPUT (TERM. 14) 


¥CO OUTPUT ITERM @}* 1. 1 T- 
COMPARATOR INPUT 
(TERM 3) 


PHASE COMPARATOR I 





Vi 
OUTPUT (TERM. 13) we = ee ow ee eye 
a “Vss 
4, 
VCO INPUT (TERM, 916 oD 
* LOW-PASS FILTER =Vss 
OUTPUT a 
PHASE PULSE (TERM 1} ‘DO 
V ¥ “Veg 
WOTE: DASHED LINE 1S AN OPEN-CIRCUIT CONDITION 92C5-20011R1 


Fig.4 — Typical waveforms for CMOS phase-locked loop 
employing phase comparator I in locked condition. 
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CD4046A Types 


ELECTRICAL CHARACTERISTICS at Tq = 25°C 
















Test Conditions 


All Package Types 
Volts} Volts | Min. [ Typ. | Max.| 
VCO Section 
perating Supply Voltage As fixed oscillator only p—f2 ft te | 


fo = 10 kHz 
Roa=0 Vpb 






Characteristic 
























Operating Power 


Dissipation, 


70 oe 
PD 





Maximum Operating 








Frequency, fax 







Center Frequency (fg) and 









Frequency Range, Programmable with external components R1, R2, and C1 


fmax—fmin See Design Information 


Linearity 






Temperature-Frequency 
Stability®: 
No Frequency Offset 
fin =0 








w/OR & = 

















Frequency Offset 
fmin7#0 





R2=” 
%/9C% — 
{VoD 


VCO Output Voltage 
(Term 4) 
Low Level, 










VoL 









Driving CMOS-Type 
Load (e.g. Term 3 
Phase Comparator Input) 






High Level, 


5 4.99 ~ v 
10 | 9.99 Z 
15 | 14.99 - 


: 75 
0 
5 
Volts 2 
40 










VCO Output Transition 
Times, tTHL. tTLH 





VCO Output Drive 
Current: 
a-Channel (Sink), 












1ON 





p-Channe! (Source), IDP 








Source-F ollower Output 
{Demodulated Output): 
Offset Voltage 

(vCO|N—VDEM) 











VCOjn = 2.5£0.3 V 
= 642.5 V 
= 7.5t5 V 





Linearity 


Zener Dynamic 
Resistance, 


® Positive coefficient. 
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Moreover the signal at the “phase pulses” 
output is a high level which can be used for 
indicating a locked condition. Thus, for 
phase comparator II, no phase difference 
exists between signal and comparator input 
over the full VCO frequency range. More- 
over, the power dissipation due to the low- 
pass filter is reduced when this type of phase 
comparator is used because both the p- and 
n-type output drivers are OFF for most of 
the signal input cycle. It should be noted 
that the PLL lock range for this type of phase 
comparator is equal to the capture range, 
independent of the low-pass filter. With no 
signal present at the signal input, the VCO 
is adjusted to its lowest frequency for phase 
comparator II. Fig. 4 shows typical wave- 
forms for a CMOS PLL employing phase 
comparator II in a locked condition. 














10kQ <R1,R2,Rg5<1M2 

Ci 2100 pF at V—pp 2 5 V; 

C1250 pF at Vpp = 10 V 
In addition to the given design information 
refer to Fig.5 for R1, R2, and C1 component 
selections. 


DESIGN INFORMATION 


This information is a guide for approximating 
the values of external components for the 
CD4046A in a Phase-Locked-Loop system. 
The selected external components must be 
within the following ranges: 


Phase 
Comparator 


Used 


Design Information 


VCO WITHOUT OFFSET | VCO WITH OFFSET 


VCO Frequency 


‘oo’? Yon 
VCO INPUT VOLTAGE 
9203-20012 


For No Signal Input VCO will adjust to center frequency, fo 


VCO will adjust to lowest operating frequency, fmin 


2 f__ = full VCO frequency range 


egiciel hs (1), (2) 
1 1 f2nfL 


IN RS OUT 
beR3C2 a 


Frequency Lock 
Range, 2 fi 


Frequency Capture 
Range, 2 fc 


Loop Filter 
Component 
Selection 


Phase Angle Between at center frequency (fo) approximating 0° 
and 180° at ends of lock range (2 fi) 


Always 0° in lock 


Signa! and Comparator 





]ryPica CENTER FREQUENCY 























6] 6 TYPICAL £, 
‘ SHS i MIN 
3 UNIT-7O- UNIT MARLATION 4 UNIT- TO-UNIT VARIATION 
10 | . 20 
et ny 
ied Be ms 
au z 
2 § 2° ¢ 
=? boa 
in « 
zZW6 K 
2 5 
2 2 
y o, > 10, 
: 
2| 2 
oo 3. 
© 10! go 
gt SO gos 
2 Ro ne 
asec 0 
s EE AMBIENT TEMPERATURE {Tal+ 25°C 
“ DE COIN Vsg INHIBIT# Veg 








Z 4 68,2 468 2 468 2 «66 2 468 2 468 
o 10 * to 0? to! ' 


VCO TIMING CAPACITOR (C1) —pF 


«eels #68 2 468 2 468 2 466 2 468 
10 to * 103 0? 10"! ’ 


VCO TIMING CAPACITOR (C1) —pF 
9208-20aRan 


92¢$-21883R! 


Fig.5(a} — Typical center frequency vs C1 for 


i - fe fs 
Rt = 10k2, and 1 MQ and fo ~1/R1 Ct. Fig.5(b) — Typical frequency offset vs C1 for 


R2 = 10 k2, 100 kQ, and 1 MQ. 


NOTE: Lower frequency values are obtainable if larger values of C1 
than shown in Figs. 5{a) and 5(b) are used. 





CD4046A Types 


7 —— oan —r 
[AMBIENT TEMPERATURE (1, )*25°C i 
ah tax WHEN VCOin "Vo INHIBIT *¥g5 

tin WHEN VCOi_* Veg 


















TYPICAL twax/tyiy 
él UNIT-TO-UNIT VARIATION ° 


eee, 2 eee Berea eee 


R2eRr 92C5- 21085R1 


Fig.S(c) — Typical fmax/fmin vs R2/R 1. 





AMBIENT TEMPERATURE (T,)+25°C 
VCOIN *Vpp/2, R22 
INHIBIT © Vs 








10 { Tec Sann Comes 
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C= 50 pF 


VCO POWER DISSIPATION (Pp)—»W 








ot 


mote 92CS~- 21886 


Fig.6(a) — Typical VCO power dissipation at center 
frequency vs Rf. 
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Fig.6(b/ — Typical VCO power dissipation at 
fmin vs R2. 
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Fig.6(c) — Typical source follower power dissipation 
vs Rs. 





NOTE: To obtain approximate total power dissipation of PLL system for no-signal input 
PD (Total) = Pp (fo) + PED (fin) + Pp (Rg) ~ Phase Comparator I 
Pp (Total) = Pp (fin) — Phase Comparator IT 





577 








CD4046A Types 


DESIGN INFORMATION (Cont'd): 


Design Information 


Locks On Harmonic of 
Center Frequency 
Signal Input 
Noise Rejection 


VCO WITHOUT OFFSET | VCO WITH OFFSET 
R2=0 


~— Given: fo 
— Use fg with Fig.5a to 
determine R1 and C1 





vco 
Component 
Selection 


— Given: fmax 
— Calculate fg from 
the equation 
igs fmax 
2 
—Use fg with Fig.5a to 
determine R1 and C1 


For further information, see 


— Given: fg and fi 
— Calculate fmjn from 
the equation 
fmin = fo-fL 
— Use tmin with Fig.5b 
to determine R2 and C1 
f 
— Calculate ae 
min 
from the equation 
fmax fo+ft 
fmin fo - ft 


max 


Use with 


min 
Fig.5c to determine 
ratio R2/R1 to obtain 
R1 
— Given: fmin & fmax 
— Use fmin with Fig.5b 
to determine R2 and C1 
frmax 


min 


— Calculate 


f 
— Use mx with Fig.5c 
min 
to determine 
ratio R2/R1 to 


obtain R1 





(1) F. Gardner, “Phase-Lock Techniques” John Wiley and Sons, New York, 1966 
(2) G. S. Moschytz, “Miniaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965. 
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\ 92cs-21889 


Fig.7 — Typical lock range vs signal input amplitude. 
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Fig.8(a) and (b) — Typical VCO finearity vs Ri and C1. 
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CD4047A Types 


These types are supplied in 14-Jead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack- 


CMOS Low-Power 











Monostable/Astable 
Multivibrator 


The RCA-CD4047A consists of a gatable 
astable multivibrator with logic techniques 
incorporated to permit positive or negative 
edge-triggered monostable multivibrator 
action with retriggering and external count- 
ing options. 

Inputs include +TRIGGER, —TRIGGER, 
ASTABLE, ASTABLE, RETRIGGER, and 
EXTERNAL RESET. Buffered outputs are 
Q, G, and OSCILLATOR. tn all modes of 
Operation an external capacitor must be con- 
nected between C-Timing and RC-Common 
terminals, and an external resistor must be 
connected between the R-Timing and RC- 
Common terminals. 

Astable operation is enabled by a high level 
on the ASTABLE input. The period of the 
square wave at the Q and OQ Outputs in this 
mode of operation is a function of the ex- 
ternal components employed. “True” input 
pulses on the ASTABLE input or “Com- 
plement’ pulses on the ASTABLE input 
allow the circuit to be used as a gatable 
multivibrator, The OSCILLATOR output 
period will be half of the O terminal output 
in the astable mode. However, a 50% duty 
cycle is not guaranteed at this output. 


In the monostable mode, positive-edge 
triggering is accomplished by application of 
a leading-edge pulse to the +TRIGGER 
input and a low level to the —TRIGGER 
input. For negative-edge triggering, a trailing- 
edge pulse is applied to the -TRIGGER and 
a high level is applied to the +TRIGGER. 
Input pulses may be of any duration relative 
to the output pulse. The multivibrator can 
be retriggered (on the leading edge only) by 
applying a common pulse to both the 
RETRIGGER and +TRIGGER inputs. In 
this mode the output pulse remains high as 
long as the RETRIGGER inputis high, with or 
without transitions. 


An external countdown option can be imple- 
mented by coupling “Q" to an external 
“N‘ counter and resetting the counter with 
the trigger pulse. The counter output pulse is 
fed back to the ASTABLE input and has a 
duration equal to N times the period of the 
multivibrator. 

A high level on the EXTERNAL RESET 
input assures no output pulse during an 
“ON” power condition. This input can also 
be activated to terminate the output pulse at 
any time.[n the monostable mode, a high- 
level or power-on reset pulse, must be 
applied to the EXTERNAL RESET when- 
ever Vpp is applied. 


ages (E suffix}, 14-lead ceramic flat pack- 
ages (K suffix), and in chip form (H suffix). 


Features: 


@ Low power consumption: special 
COS/MOS oscillator configuration 

® Monostable (one-shot) or astable 
(free-running) operation 

® True and complemented buffered 
outputs 

®@ Only one external R and C required 

Quiescent current specified to 15 V 

@ Maximum input leakage current of 
1 WA at 15 V (full package-temperature 
range) 

® 1-V noise margin (full package-temper- 
ature range) 


Monostable Multivibrator Features: 


®@ Positive- or negative-edge trigger 

= Output pulse width independent of 
trigger pulse duration 

B Retriggerable option for pulse width 
expansion 

® Long pulse widths possible using small 
RC components by means of external 
counter provision 


92CS-21431R1 


CD4047A 
Terminal Diagram 





Astable Multivibrator Features: 

@ Free-running or gatable operating modes 

@ 50% duty cycle 

Oscillator output available 

™ Good astable frequency stability: 

Frequency deviation: 

=12% + 0.03%/°C @ 100 kHz 
=+0.5% + 0.015% /°C @ 10 kHz 
(circuits “trimmed” to frequency 
Vop = 10 V + 10%) 


Applications : ; 
Digital equipment where low-power dissipa- 
tion and/or high noise immunity are primary 





@vo0 


® Vsg L RESET 


@ Fast recovery time essentially independent —_ design requirements: 


of pulse width ; ®@ Envelope detection 
® Pulse-width accuracy maintained at duty @ Frequency multiplication 
cycles approaching 100% @ Frequency division 
R s 


Frequency discriminators 
Timing circuits 
Time-delay applications 











OSCILLATOR our | 






MULTIVIBRATOR 
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Fig. 1 — CD4047A logic block diagram. 
MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tegtgh ins cea ea na asince: aon te date ece edd —65 to +150°C 
OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D,F,K,H . 2. ee -55 to +4125°C 


PACKAGE TYPE Biss ahaa. dodge ke Bhar ste acts Be a bah lea Ye 2, Aime -40 to +85°C 


POWER DISSIPATION PER PACKAGE (Pp) 
FOR Ta= ~40 to +60°C (PACKAGE TYPE E) 
FOR T,= +60 to +85°C (PACKAGE TYPE E) 


FOR Ta = -55 to +100°C (PACKAGE TYPES D, F, Koes Pah aus RGR he ee a ew 500 mW 

FOR Ty = +100 to +125°C (PACKAGE TYPES D,F,K).... . Derate Linearly at 12 mW/°C to 200 mw 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)......... 100 mW 
INPUT VOLTAGE RANGE, ALLINPUTS... 0.0.0.0. 0.0000 cece en ees —0.5 to Vpp +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 +1/32 inch (1.59 £0.79 mm) from case far 10smax... 0.0.0.0 seas +265°C 
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RECOMMENDED OPERATING CONDITIONS at Ta= 25°C, Except as Noted. 








AMBIENT TEMPERATURE (T= 








25sec + 
For maximum reliability, nominal operating conditions should be selected so that Fe ee Treen ane COEPLICIENT-AT/ALC VALUES =} 








T 





Ts 
tH 





operation is always within the following ranges: 






















































































































































































B2CS~21386 
Fig, 2 ~— Typical output n-channel drain 
characteristics for Q and Q buffers. 


Trigger, Retrigger 
Rise or Falt Time, t, , ts 


\ 
LIMITS : tod Ht i 
a E+TO-SOURCE VOLTAGE (Vgg)* 15 V 
D,F,K,H 5 “0 
CHARACTERISTIC Vpp | Packages Fa 
6 lov 
@ 20 
Supply-Voltage Range (For Ta=Full z 
Package- Temperature Range) pies ee 
Input Pulse Width, tw 1 ‘ is 
(Any Input) ORAIN-F0- SOURCE VOLTAGE (Vpsi—v 











JAMBIENT TEMPERATURE (T,)=25°C eececene| 
TYPICAL TEMPERATURE COEFFICIENT AT ALL VALUES 
OF Vgg+-0.3 %/*C 
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STATIC ELECTRICAL CHARACTERISTICS F dare Sone foomae tae eT EEE 
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z 1s) sv 
H at 
Characteristics ye a aa Ht 
z lov 
3s 4 sae8 
: Lov { t { 
Sv 
Quiescent Device ° sa nichocsodace VOLTAGE igeaieny 


Current I Max. s2cs-21307 
Fig. 3 — Minimum output n-channel drain 

characteristics for Q and © buffers. 
Output Voltage: 


































































































































































































Low-Level, 

Vou ORAIN-T0-SOURCE VOLTAGE {Vos!—¥ 

High Level ‘AMBIENT Fee ERATORE Tgitare rf 

Vv TYPICAL TEMPERATURE COEFFICIENT | Sv < 

OH per ALL VALUES OF vos 8 B%SC Ls | 

Noise Immunity: 1.5 Min.; 2.25 Typ. 4 iz 2 

Inputs Low, ; FF f 5 

VNL 3 Min.; 4.5 Typ. % lov af 

inputs Fg [min 236 Tye = 

VINH sina Tye 

z i Les = 
Noise Margin: F 

Inputs Low, GATE-TO-SOURCE VOLTAGE {Vggie 15 ¥ ase 

VNML 

Inputs High, 92cs-21300 

VNMH Fig. 4. — Typical output p-channel drain 


characteristics for Q and Q buffers. 


Output Drive 


Current: 
pe oto a DRAIN-TO-SOURCE VOLTAGE (Vps)—-¥ 
: “15 =10 3 
Sink), TYPICAL TEMPERATURE coprricient SY, 
0.3 %/C ov 


IDN Min. AT ALL VALUES OF Vos «— 
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(Source) : ag g 
IpP Min. z 
ov. 10 
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geese! a 
Current, ee es a =) HE z 
| ] Tift tat Es 
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Fig. 5 — Minimum output p-channel drain 
characteristics for Q and Q buffers. 
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oO. 
= t = 20 ns, Cy = 15 pF, (tr v8" 
DYNAMIC ELECTRICAL CHARACTERISTICS at Ta 25 c, Input re t L p if AHOIENT TEMPERATURE (Tal 8876: spuiteaticniibeca fee 
Ry = 200 kQ B 
2,000] : 
LIMITS ba t 
TEST FEKH 1 eo] SUPPLY VOLTAGE (Vpo)*5V : 
D, F, K, i {+ A 
CHARACTERISTICS | CONDITIONS "al : HY 
& 400 10v +H 
A Fa 
7p 200) 
Propagation Delay Time: 3 £ 
t t 6 0° 20 364080 
putes Saas eee oes eas 92c3-21438 
= Osc. Out Fig. 6 — Typical low-to-high level propagation 
delay time vs load capacitance for Q 
a and @ buffers, 
Astable, Astable 
to Q,a TYPICAL TEM EOEFFICIENT AT ALL VALUES OF Vogt03 *4/*C 
J tt 
+Trigger, —Trigger 4 
tc 0,6 : rt 
= 200) 
+Trigger, Retrigger ig 180 } 
toa,Q al ; 
& 00 ov 
External Reset jE 50 "8v 
oO 10 20 w 4 50 60 nm a0 90 
Transition Time: LOAD CAPACITANCE {C,)— pF s2cs-200 
tTHL> tTLH Fig. 7 — Typical transition time vs load capa- 


citance for Q and Q buffers, 


|. Astable Mode Design Information 
A. Unit-to-Unit Transfer-Voltage 

Variations. 

The following analysis presents worst- 
case variations from unit to unit as a 
function of transfer-voltage (VTR) 
shift (33%-67% Vpp) for free- 
running (astable) operation. 


Minimum Input Pulse 
Width (any input), tw” 


+Trigger, Retrigger 
Rise & Fall Time, t, , tf 





rerun 8S LST tel 
Terwnaciof a2 Ltaz | 
“ Input pulse widths below the minimum specified may cause malfunction of the unit. ta 
See Application Note ICAN - 6230 ance avons 
CD4047A FUNCTIONAL TERMINAL CONNECTIONS Fig. 8 — Astable mod fe 
NOTE: IN ALL CASES EXTERNAL RESISTOR BETWEEN TERMINALS 2 AND 34 etavie mode wavelorns: 
EXTERNAL CAPACITOR BETWEEN TERMINALS 1 AND 34 VTR 
ty =—RC In 
Vpo*YTR 
TERMINAL CONNECTIONS | oytput |outpuT PERIOD 
FUNCTION INPUT OR Vpp ~VtrR 
TOVpD| TOVss | PULSE PULSE WIDTH be ae vy aera Yee 
Vpp— TR 
TO 
Astable Multivibrator: ta = 2 {ty + to) 


Free Running 45,6,14 | 7,8,9,12 10,11,13 }ta(10,11}=4.40 R (VralVnn —V 
True Gating 4,6,14 7,8,9,12 10,11,13 | ta(13)=2.20 RC =—~2RCIn TR) pp — Vr) 
Complement Gating 6,14 | 5,7,8,9,12 10,11,13 (Vpop + VtR)(2Vpp — VtR) 





Monostable Multivibrator: Typ: VTR=0.5Vpp ta = 4.40 RC 
Positive-Edge Trigger 5,6,7,9,12 Min: V7R=033Vpp ta = 4.62 RC 
Negative-Edge Trigger 5,7,9,12 tM(10,11)=2.48 RC Max: VrR=O0.67Vpp ta = 4.62 RC 
Retriggerable 5,6,7,9 


External Countdown” thus if [ta = 4.40 RC} is used, the maximum 


variation will be (+5.0%,—0.0%). 





* Input Pulse to Reset of External Counting Chip €xternal Counting Chip Output To Terminal 4 & Soe Text. 
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ASTABLE o 
* 

asrapte(4)- > 

srniscer(o)- fo 


* 


-TrisseR (©}——~ 


‘0 @- 
"8 


% INPUTS PROTECTED BY 
COS/ MOS 
RESISTOR - DIODE NETWORK 





Yoo 





Yop COMMON 











RC 





RETRIGGER 




















Vss 
%% MODIFIED INPUT PROTECTION 
CIRCUIT TO PERMIT LARGER 
INPUT- VOLTAGE SWINGS. 


CAUTION: TERMINAL 3 IS MORE SENSITIVE 
TO STATIC ELECTRICAL DISCHARGE, 
EXTRA HANDLING PRECAUTIONS 
ARE RECOMMENDED 


EXTERNAL 
92cm 21432 RESET 


Fig. 9~ CD4047A logic diagram. 


Variations Due to Vpp and Temperature 
Changes 

tn addition to variations from unit to 
unit, the astable period may vary as a 
function of frequency with respect to 






































































































































































































































































































Vpp and temperature. Typical variations 
are presented in graphical form in Figs. 
10 to 20 with 10 V as reference for 
voltage variation curves and 25°C as 
reference for temperature variation curves. 
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TT[AMBIENT TEMPERATURE (Tal=25°C) 
i STAR E MODE 
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PERIOD ACCURACY FOR Q AND O—PER CENT 
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SUPPLY VOLTAGE (Vpp)—¥ siesta: 


Fig. 10 — Typical Q-and-@-period accuracy 
vs supply valtage (high frequency), 








AMBIENT TEMPERATURE (Tal-z5°c] 
f JASTABLE MODE 
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PERIOD ACCURACY FOR Q AND O-—PER CENT 
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SUPPLY VOLTAGE (Vpp)—V eeiaas 


Fig. 11 ~ Typical Q-and-O-period accuracy 
vs supply voltage (medium frequency) 






































































































































































































































Fig. 12 — Typical Q-and-Q-period accuracy 
vs supply voltage (low frequency). 














































































































































































































































































































































































































Fig. 13 — Typical Q-and-@. period accuracy 


vs supply voltage (very low frequency). 
































AMBIENT TEMFERATURE (Tq)«25°C — 
AMBIENT TEMBERATU nm ASTABLE MOOE £6] AMBIENT TEMPERATURE (Tal 25°C 
AS MOO! S ACCURACY RANGE FOR FREQUENCY ASTABLE MODE 
g at a OF LESS THAN 100 He 5 
& & OlaE SCSInF & ts}-—-— 
& Py wookas ry ° 
i t Hy 
S 3 | tale a a 
° 2 » 
2 . q 
5 ° = [SUPPLY VOLTAGE (pp) +8 v 110% 
© 3 43 
« $ g 
& ~ a 
2 5 3 iow 
= 10 Vt 10° 
z z z 22 
s 3 & 
8 HEHEHE Ht g tors 
< 1000 pF, R=2.2 M. ttt bs fe 
2 tHe btdt tH +05 2 4 
8 af & z+ t 
# Hitt Bie aH ® s02 ° ae 
32 ea 
ssstsisisl Hi He Sighs ol pau piu} in bid} tt 
beectztsste bit sarartdl ° 3 0 8 Sng at ate oe is uae nes he 
° § e. 8 SUPPLY VOLTAGE t¥pp)—V of as i i ; 2 : 
: DI ee 
SUPPLY VOLTAGE (Vpg)— V shedcsinal. m2G57214 48: SREQUENES UNA ME 9208-21390 


Fig. 14 — Typical Q-and O-period accuracy 
vs frequency for V pp variation 
of + 10% from value indicated. 











































































































































































































































































































































































































































































accuracy vs supply voltage (high 
frequency). 
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accuracy vs supply voltage 
{medium frequency) . 




























































































































































































































































































720) theya AMBIENT TEMPERATURE TiarsD5°t a = +O chee ptm A [AMBIENT TEMPERATURE (Ta)#25°C] 
§ HEH ASTABLE MODE “ r8 i STABLE MODE 
eareeets i fo 
+4] ASTABLE MODE ae me TT 
e H Hop tic R [8 cot i 4 tt 
+10 s “4 i KHz | pF | Ka 5 t HE tf Py 
5 THT A | 100 [100 | 47 ee Hl E s 
‘4 3 & a HHH 8 | 20 [100 [220 3 t t z 
3 8 EE: 3 # c| 10 [100 [a7 Ss sat 
g +s Fa af ia i we tH in 
8 bg i 3 a “hh ie a + pe 
ta Hy E HH Sa 
° Fy ° + HH 
i g E sail a + : { n aca 
t t Cc R {Yop 
F 8 i ates + tr} kHz! pe | Ka] v 
“5 = Also ' 100) 47 [5 
i af Fat soo 
O ca mh ge 8} 50 100] 47 | io 
e 53 Ef 7 lg -2feo, : is 1 cto eel 3 | 
iy i He ss Batie HTH EEE HE 8 ! HATE agbccess 
3 a 5 10 ‘e = H | o| 10 | 100 220] 10 
5 Q es Geese 4 E|_ 1 [1600] 2201 S10 
SUPPLY VOLTAGE ppl ¥ s2cs-21045 SUPPLY VOLTAGE (¥pp}-—¥ 9705-21446 755-35 OS SDS CBS SIRS 
Fig. 15 — Typical oscillator-output-period Fig. 16 — Typicat oscillator-output-period AMBIENT TEMPERATURE (Ta}—*C erik 


Fig. 17 — Typical Q- and G-period accuracy 
vs temperature {medium frequency). 
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© +4] ASTA@LE MODE ones TH? & ASTABLE MODE 
ASTABLE MODE ge ii Pere TE mace eo 
; ft TITS Tas 4 ies Se t ais 
le +15, a = im trtr ‘i 
fi H Famessuascuearsnaraevetssetata B ES 
Fy + B we Hy 5 +10 K 
| +0 ts q t wee G 
lo ie fs 7 I rs 
2 2, secebee is +s tes ct ay 
bs 45 F i Siadasnah 5 3 cae 
ie 2 oO 
Eo ete S Beye tH 
> Ov i. Pa c} + c R 
FY : 3 H apts. iz -sftoy + wnz | pF | ko 
8 shart f 5 iH alt [3 [az 
Eg ig a t- g na i eloz [ioo [ez 
o -27e a co) {4 

3 +0 <S) 2 ¢ rf i S : 
$ 6 ta aie a is tt 

-5 TEETH a =$5 -35~~O-IS SCS OSS HIS a srs es ST eT eT) 

“$5 -35 01S #425) HAS HES BS HOS 2S AMBIENT TEMPERATURE (T,1—*C ecules AMBIENT TEMPERATURE (T4)—=*C Seajass 

AMBIENT TEMPERATURE (Ta)—*C see base 
Fig. 18 ~ Typical O- and B-period accuracy Fig. 19 — Typical oscillator-period accuracy Fig. 20 — Typical oscillator-period accuracy 
vs temperature (high frequency), vs temperature (medium frequency). vs temperature (high frequency). 


1. Monostable Mode Design Information 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































é o ~ ry TEMPERATURE (Tal? 25°C Bt24 7] AMBIENT TEMPERATURE (Ta)e25°C 
The following analysis presents worst- & ONOSTABLE MODE [s ONOSTAGLE, MOO) : 
f P . 2 tf e « $3 F 
case variations from unit to unit as a f ss . £2 Hitt a 
function of transfer-voltage (VR) shift , O£ = 8 Hi are i 
3 i 2 me 
{33% — 67% Vpp)} for one-shot {mono- 3 ae Eas rte Ma. 
stable) operation. 5 i zt 5 Hit 1 joo! 470 
ase tassstessssciey satel 1.10 [oor] 470 
B F534 tye t 
3 eH eH a i Hi 
§ HEE iif HH # i ie # 4.8 
n il 3 TH a it i 
TERMINAL 8 5 H a i i i it tt c 
- gw of A 204! 
verwnas Se Led 3 Bin pa 2 
TERMINAL 10 oe ee ee ° 5 0 6 ° 5 cr) 8 
9208-20028 SUPPLY VOLTAGE {Vpp)— szcs-21a5) SUPPLY VOLTAGE (Vo) —V ‘ics-quse 
Fig. 22 — Typical Q- and Q-pulse-width Fig. 23 — Typica! Q- and Q-pulse-width 
Fig. 21 — Monastable waveforms, accuracy vs supply voltage accuracy vs supply voltage 
(tyy = 15, 60, 120 Ys). (ty = 0.5, t, 10 ms). 
ty’= —RC in VTR te mOnOsTABLe Mette ere AMBIENT TEMPERAT Taye 25" 
1 Vop 3 Hiddes ret: $3 z MONOSTABLE MODE WREST AME, S a 
oat - | | 
i o-sHite : ay | 
ee 
tw= (ty’ + tg) Q o-t HE 3 e, 
son 5 
(VtR) (Vop — VtR) ig 3 : 2 
ty=-RC In —T# OD" TR ji ore fs 
Os-b) ae HT TH+ Ht a 
2Vop ~ Vtr) '2Vpp) Bonnie sseumcrn = ea 
2 ett ate ed T 
where tyy = Monostable mode pulse width. oni Soimrec eine HTH i 3 SUPPLY VOLTAGE (vpp)t5veH 
lOOKNs R10 M2 as 1 re . svtio’ 
Values for tyy are as follows: y O--4) z : BASH 1s ve 
M et eC 
eee ee 
Typ: VTR=0.5Vpp ty= 2.48 RC vst 8 = 
is ° $ id 6 ww? * > wo? 197 19° 10! to? 
Min: VTR = 0.33 Vop tu = 2.71 RC SUPPLY VOLTAGE (Vpp)—V @ ANOS -PULSE WIDTH— SECONDS ' 
9205-21430 92CS- 21398 
Max. VrR = 0.67 Vop tm = 2.48 RC Fig. 24 — Typical Q- and G-puise-width Fig. 25 — Typical Q- and © pulse-width 
accuracy vs supply voltage accuracy vs Q and Q pulse width 
Thus if {ty = 2.48 RC] is used, the maximum {ty = 100 ms). for a variation of + 10% from 
variation will be (+9.3%, —0.0%) value indjeated: 
5 MONOSTABLE MODE 1g [Monosraace wove Fit if Te EE T ‘ 
Not e” Bos i : aa 
ote: } be . 
. oa a6 { ms m ae 
In the astable mode, the first positive haif 2 3D 
cycle has a duration of T1y; succeeding :* e B o.2 4 
durations are ta/2. £ 4 2 
go te 
5 He Is 
3 at a 
fa ee es , - 7 maf 's zon 
In addition to variations from unit to unit, 2 fe 
the monostable pulse width may vary as a g° A $4 
function of frequency with respect to Vop & : FI 
se “55-35 * 25 ry + * re Colt 
and temperature. These variations are ne a ute ioe oe Ree ea ee Pci aa 
. . oe . — 
presented in graphical form in Fig. 22 to 27 2 as Sen TE ce pressiesd 
with 10 V as reference for voltage-variation Fig. 26 ~ Typical Q and Q pulse-width Fig. 27 ~ Typical Q and Q pulse-width | 
curves and 25°C as reference for temper- rand vs temperature accuracy range vs temperature, i 
ature-variation curves. high frequency). 
ee 
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Wt. Retrigger Mode Operation Vi. Power Consumption O"FastaBLe MODE | a a | 


The CD4047A can be used in the 
retrigger mode to extend. the output- 
pulse duration, or to compare the fre- 
quency of an input signal with that of 
the internal oscillator. In the retrigger 
mode the input pulse is applied to 
terminals 8 and 12, and the output is 
taken from terminal 10 or 11. As shown 
in Fig. 28, normal monostable action is 
obtained when one retrigger pulse is 
applied. Extended pulse duration is 
obtained when more than one pulse is 
applied. For two input pulses, tpe=ty’ 
+t, + 2to. For more than two pulses, 
tre (Q OUTPUT), terminates at some 
variable time, to, after the termination 
of the last retrigger pulse, tp is variable 
because tre (Q OUTPUT) terminates 
after the second positive edge of the 
oscillator output appears at flip-flop 4 
(see Fig. 8). 


IV, External Counter Option 


Time tay can be extended by any a- 
mount with the use of external counting 
circuitry. Advantages include digitally 
controlled pulse duration, small timing 
capacitors for long time periods, and 
extremely fast recovery time. A typical 
implementation is shown in Fig. 29. 
The pulse duration at the output is 
text = (N—T(ta) + (try + ta/2) 
where te,¢= pulse duration of the cir- 
cuitry, and N is the number of counts 
used. 


V. Timing-Component Limitations 


The capacitor used in the circuit should 
be non-polarized and have low leakage(i.e. 
the parallel resistance of the capacitor 
should be an order of magnitude greater 
than the external resistor used). There is 
no upper or lower limit for either R or C 
value to maintain oscillation. 

However, in consideration of accuracy, C 
must be much larger than the inherent 
stray capacitance in the system {unless 
this capacitance can be measured and 
taken into account). R must be much 
larger than the CMOS “ON” resistance in 
series with it, which typically is hundreds 
of ohms. In addition, with very large 
values of R, some short-term instability 
with respect to time may be noted. 

The recommended values for these 
components to maintain agreement with 
previously calculated formulas without 
trimming should be: 


C = 100 pF, up to any practical value, for 
astable modes; 

C 2 1000 pF, up to any practical value 
for monostable modes. 


10kQ<R <1 MQ 
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SUPPLY VOLTAGE {Vpp)"5V 


In the standby mode (Monostable or 
Astable), power dissipation will be a 
function of leakage current in the 
circuit, as shown in the static electrical 
characteristics. For dynamic operation, 
the power needed to charge the external 
timing capacitor C is given by the 
following formulae: 
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Astable Mode: P = 2CV2¢, (Output at 






: ° 1 2 3 4 5 
serenade 13) . Moon dtreavency itm eo 7 
P = 4CV4f. (Output at 92cS- 21415 

. Fig. = teeinati, 
terminal Nos. 10 and 11) ig. 30 — Power dissipation vs output 


frequency {' Vop=8 Vi). 
Monostable Mode: 
(2.9CV2) (Duty Cycle) 
r 





ASTABLE MODE 
SUPPLY VOLTAGE (Vp9)* 10 V 


aw 





{Output at terminal 
Nos. 10 and 11) 





The circuit is designed so that most of 
the total power is consumed in the 
external components. tn practice, the 
lower the values of frequency and 








POWER DISSIPATION (Pp? 











' ° 1 2 


10 10 10 10 nn rn 


voltage used, the closer the actual power GOR & FREQUENCY if) —HE 
dissipation will be to the calculated : _ oacs-aats 
value Fig. 31 — Power dissipation vs output 
Because the power dissipation does not frequency (V pp = 10 VI. 


depend on R, a design for minimum 
power dissipation would be a small 
value of C, The value of R would 
depend on the desired period (within 
the limitations discussed above). See RSTASLE: tour 

Figs. 30-32 for typical power con- SUPPLY VOLTAGE (Vpg}*I5 V 
sumption in astable mode. 





















POWER DISSIPATION (Pp}~—pW 
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| ext fe 10 10° _io! 10° wo 10° oo 























92CS-20030R2 QOR 3 FREQUENCY If )—Hr 
92CS- 21414 
Fig. 28 — Implementation of external Fig. 32 — Power dissipation vs output 
counter option. frequency (Vp = 15 V). 
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92Cs- 20029 


Fig. 29 — Retrigger-mode waveforms. 























CMOS Multi-Function 
Expandable 8-Input Gate 


The RCA- CD4048A is an 8-input gate 
having four control inputs. Three binary 
control inputs — Ka, Kb, and Ke — provide 
the implementation of eight different logic 
functions. These functions are OR, NOR, 
AND, NAND, OR/AND, OR/NAND, AND/ 
OR, and AND/NOR. 


an open circuit. This feature enables the 
user to connect this device to a common 
bus line. 


In addition to the eight input lines, an 
EXPAND input is provided that permits the 
user to increase the number of inputs to one 
CD4048A, (see Fig. 6). For example, two 
CD4048A’s can be cascaded to provide a 
16-input multifunction gate. When the 
EXPAND input is not used, it should be 
connected to Vss_ 


A fourth control input —Kd — provides the 
user with 3-state outputs. When control 
input Kd is high the output is either a logic 
1 or a Sogic O depending on the input states. 
When contro! input Kd is low, the output is 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (Tgtg). 0 tees —65 to +150°C 
OPERATING-TEMPERATURE RANGE (Tal): 5 
PACKAGE TYPES D,F,K,H «cee ee te we te te ee ee ee ee eee -55 to +125 °C 
PACKAGE TYPE. (BE. i.e ssi eie ea Bape Bada 8 Oe epee ne ere ose Re Me ae —40 to +85 C 
DC SUPPLY-VOLTAGE RANGE, (Vop) 
(Voltages referenced to Vgg Terminal): 2... ee ee ee et —0.510 +15 V 
POWER DISSIPATION PER PACKAGE (Pp) 
FOR T,a= —40 to +60°C (PACKAGE TYPE E) .... eee eee eee ser .500 mw 
FOR T= +60 to +85°C (PACKAGE TYPE E) ......... Derate Linearly at 12 mW/ C to 200 mW 
FOR T, = -55 to +100°C (PACKAGE TYPES D,F,K) 2.2.12. . eee eee 500 mw 


FOR T, = +100 to +125°C (PACKAGE TYPES D, F, kK) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta= FULL PACKAGE-TEMPERATURE RANGE {ALL PACKAGE TYPES).......-.. 100 mW 
INPUT VOLTAGE RANGE, ALL INPUTS... .....0 0... eee ee eee —0.5 to Vpp +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 3 

At distance 1/16 £ 1/32 inch (1.59 0.79 mm) from case for 10s max... .- 0.02 eee eee +265 C 

NOR OR NAND ANO 
A a 
c pe es et 
Ee E— —E—- E-- 
oH aH Cars 6a 
EXP. €xP EXP EXP 
OR/AND OR/NAND AND/OR AND/NOR 


m xamm one 
bY 

> 

m Fromm oner 
Ms 

% 

m xranm one@py 
| | 

m row nw» 
bad 

i 





92CM-22250 
Fig. 1 — Basic logic configurations. 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For Ta = Full 
Package-Temperature Range) 





CD4048A Types 


These types are supplied in 16-lead hermetic 


dual-in-line Geramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 


BINARY CONTROL INPUTS 
—— 
FUNCTION CONTROL 

ee 
Ko Ky Ke Kg 


3-STATE 
CONTROL 


we 


EXPAND 


G 





€ 
iNPUTS a 


Vss78 
Voo?'6 
92cs-22249 


CD4048A 
Functional Diagram 





Features: 


@ Medium-power TTL drive capability 

Three-state output 

® High-current source and sink capability 
9 mA (typ.) @ Vpg = 0.5 V, Vpp = 10 V 

8 Many logic functions available in one 
package 

® Quiescent current specified to 15 V 

@ Maximum input leakage current of 1 “A 
at 15 V (full package-temperature range) 

@ 1-V noise margin (full package- 
temperature range) 


Applications: 


B® Selection of up to 8 logic functions 
® Digital control of logic 
® General-purpose gating logic 






























































~ Decoding 
~— Encoding 
[ MBIENT TEMPERATURE (T,)=25°CI 
< TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Vgg+-0.3 %/*C 
1 
3 
= 100) 
GATE-TO-SOURCE VOLTAGE {Vgg }2!5.¥ 
& 
= 80 
Fs] 
g ° i0V 
Z 
Zz 40 
= 
= 
9 
= 20 $v 


















































5 E} 13 
DRAIN-TO-SOURCE VOLTAGE (Vngi—v¥ 
9203 -20263R5 


Fig. 2— Typical output n-channel drain 
characteristics . 
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CD4048A Types 


AMBIENT TEMPERATURE (Ta)=25°C 
TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Vgg*-0.5 %/*C 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic 





‘CD4048AD, AK 
——- —r04048ae 





GATE -TO-SOURCE VOLTAGE (Vgg}*t5 V 


















































n- CHANNEL DRAIN CURRENT (IpN}-- mA 

















Vo | Vin| Yop x iby 
(v)} (v) ‘ov 
20) 
10V) 
10] 
5Y) 
Pz 
° 5 » icy 
| 25 | DRAIN-TO-SOURCE VOLTAGE {Vo g)—V ezes-2ezsam 
Fig. 3— Minimum output n-channel drain 


characteristics 
O Typ.; 0.05 Max. 


DRAIN-TO-SOURCE VOLTAGE (Vps}—V¥ 
0 Typ.; 0.05 Max. x's eu aS ° 
4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 


1.5 Min.; 2.25 Typ. 


3 Min.; 4.5 Typ. 
1.5 Min.; 2.25 Typ. AMIBIENT TEMPERATURE (Tq )=25°C 





}—ma 


Noise Immunity: 
Inputs Low, 


VNL 


Inputs High 
VNH 


p- CHANNEL OMAIN CURRENT IT, 





TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Vgs* - 
3 Min.; 4.5 Typ. usta taste 


Fig. 4— Typical output p-channel drain 
characteristics. 
1 Min. 
DRAIN-TO-SQURCE VOLTAGE (Vp $1 


Noise Margin: 
Inputs Low, 


VNML 








AMBIENT TEMPERATURE Taresrc 
TYPICAL TEMP COEFFICIENT AT ALL 
%, 


Inputs High, 
VNMH 


Output Drive 
Current: 
n-Channel (Sink) 
IpN Min, 


> 
a 


p-channel 
(Source), 
IpP Min. 


Fig. 5— Minimum autput p-channel drain 
characteristics. 





Any Input 
Input Leakage LOT AMQLENT TEMPERATURE (TAbe25°C | 
Current, +1075 Typ., +1 Max. | 


Neely 














t t 
OL:'OH +10-4 Typ., +2 Max. 








POWER DISSIPATION (Po)—.Ww 





























10” 
INPUT FREQUENCY (f,) —Hr 9ecs-22253 


Fig. 6— Typical power dissipation as a 
function of input frequency. 
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CD4048A Types 












































































































































DYNAMIC ELECTRICAL CHARACTERISTCS at T, = 25°C and C, = 15 pF-and 50 pF, SPELL ream ceerricien ar bi ales or Wegad re 
Typical Temperature Coefficient for all values of Vpp = 0.3%/°C Ry = 200 kQ tig H sratae 
CL =15 pF z oo SUPPLY VOLTAGE (Vop) *5V 
w 8 
LIMITS 3 
TEST DEKH 3° i 
CHARACTERISTIC CONDITIONS Packages 5 00 H 
bes toy, 
3 155 

























































































20 40 60 @0 100 120 140 160 180 
LOAD CAPACITANCE (C.}* pF 


| 


Propagation Delay Time 
TPHL 


9205-22256 


Transition Time: 

High-to-Low Level t Fig. 7— Typical propagation delay time as a 
THL function of load capacitance. 
Low-to-High Level ty; 4 lew a 





Input Capacitance C, Any Input 
AMBIENT TEMPERATURE (Tg}e25°C 


TYPICAL TEMP COEFFICIENT AT ALL VALUES OF VpD"0.3 %/*C 





Propagation Delay Time 
tPLH PHL 


Transition Time: 
High-to-Low Level try, 
Low-to-High Level tri y = 


Input Capacitance Cy Any Input 


* Max. Limits represent worst-case limits for worst-case mades of operation shown in Figs. 15, 16, and 17. 


TRANSITION TIME (t7¢4)—03. 








LOAD CAPACITANCE (C_)—pF 


92c$-22257 


Fig. 8— Typical low-to-high level transition 
time as a function of load capacitance. 

















Yoo 

g 
L Yoo 

z INPUTS 
z A Vo 
# Vs 
Fe 
z INPUTS QuTPUTS 
3 Yoo" YH 
é i 7 
m ° 

VNU ice 
NOTE 
TEST ANY ONE INPUT, 
Vss Vss WITH OTHER INPUTS AT 
CORD: CAPACITANCE: (CLI =0F s2cs-zease ‘9205-27401 s2cs-eraco VOD OR Vss 
Fig. 10— Quiescent-device-current Fig. 11— Noise-immunity 
Fig. 9— Typical high-to-iow fevel transition test circuit. test circuit. 
time as a function of load capacitance. 
Vv, 
pe INPUT aia! ~50% 
INPUTS 

Yoo = Nee outeur Ko 90% 

Ne) MEASURE INPUTS 10% 

° SEQUENTIALLY, tTHL itis 

¥sg aa TO BOTH Van AND Vog- 

= CONNECT ALL UNUSED 92C$ -22265 
INPUTS TO EITHER 
Vp OR Veg: 
Yss 
g2Cs- 27402 
Fig, 12— Input-leakage-current 
test circuit. Fig. 13—*THL- tri ~ AND/NOR. 
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CD4048A Types 


Yoo 










‘i J (OUTPUT) xi 
i2 Yoo a 
it x3 
a A x4 
15: 8 
3 c 72 cp4002a 
3 Ko -Kb-Ke vy ° 
0-0-0 Pe 
Vss 
(2@- INPUT OR/AND GATE 92C$-20240 
Pe (AFBECHO) (EFF +GHH): (XI+K24K34X4) 
AND 


Fig. 14(a} . 12-input OR/AND gate. 


: : RF 
1-0-0 ol UNCTION 


Jd{OUTPUT) 





92C8-22263 


Fig. 18~ tpy jy — NAND. 






















OR 
16-INPUT NOR GATE 9208-2024) 
0-0-1 
Je Ay +8, +0; 40, HE; HF) 4G, HHy AZ tBQ 42409 +E gt FotGathe 
Fig. 14(b) 16-input NOR gate. 
Applications of Expand input 
NANO IMPLEMENTATION OF EXPAND INPUT FOR 9 OR MORE INPUTS 
output | FUNCTION OUTPUT BOOLEAN 
EXPRESSION 
1-0-1 
non =| OR J=(A+B+C+D+E+F+G+H)+(EXP) 
INPUT -~-*-50% 
jor [| oR J=(A+B+C+D+E+F+G+H)+(EXP) 
NAND J=(ABCDEFGH)-(EXP) unm _f> — 7 yee 
———————— tPHL. 
en NAND NAND J=(ABCDEFGH)-(EXP) inp 
OR/AND | NOR | J=(A+B+C+D)-(E+F+G+H)-(EXP) 
OR/NAND | Nor | JF(AtB+C+D} (E+F+G+H)- (EXP) Fig. 16~ tpyyp — AND. 
tit AND/NOR J=(ABCD)+(EFGH)+(EXP) 
AND/OR | AND | J-(ABCD)+(EFGH)+(EXP) 
Note: (EXP) designates the EXPAND function (i.e., X4+Xotr... Xpy). 
AND/NOR OR/NAND OR/AND 
t-1-0 O-I-1 : : 0-1-0 


e2Cs- 722262 


Fig. 14(c) Actual-cicguit logic configurations. 


Fig. 14— Expansion logic and truth table. 




















CD4048A Types 








3 CONFIGURATIONS 
£ SAME AS FOR INPUT “A" 






4 CONFIGURATIONS 


6— SAME AS FOR INPUT "A“ 
Le 





Vss Ro ' 
pee SS Sees 4 
aS 3 CONFIGURATIONS Re = = 
C 
SAME AS FOR "Kg INPUT = [-———Ke 2 
ke— a —1 x 
L—-—--—--—~—- areas OE Transmission Gate Definition 


TG = Transmission Gate 
input to Output is: 
a) A bidirectional low impedance when 
control input 1 is low and control 
2 is high. 
b) An open circuit when contro! input 1 
is high and contro} input 2 is low. 
92CM-222SiRt 


FUNCTION TRUTH TABLE 






J=AtBtCtDtE+F+GtH 
J=AtB+C+D+E+F+G+H 
J=(A+B+C+D)(E+F+G+H) 
J=(A+B+C+D)+(E+F+G+H) 
J=ABCDEFGH 
J=ABCDEFGH 
J=ABCD+EFGH 






















J=ABCD+EFGH Vpop 
Ky=1 Normal Inverter Action 
Kg=0 High Impedance Output 
EXPAND Input=0 “See Figs. 1 and 7. 


Fig. 17— Logic diagram and truth table. 
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CD4049A, CD4050A Types 
CMOS Hex Buffer/Converters 


CD4049A—Inverting Type RECOMMENDED OPERATING CONDITIONS at T,=259C, Except as Noted. 
CD4050A—Non-Inverting Type For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


The CD4049A and CD4050A are inverting 
and non-inverting hex buffers, respectively, 
and feature logic-level conversion using only 
one supply voltage (Vcc). The input-signal 
high level (Vj) can exceed the Vcc supply 
voltage when these devices are used for logic- 
level conversions. These devices are intended 
for use as CMOS to DTL/TTL converters "The CD4049 and CD4050 have high-to-low-level voltage conversion capability but not 
and can drive directly two DTL/TTL loads. low-to-high-level; therefore it is recommended that V) > Voc. 


a > > 
(Vec=5 V, VoL 20.4 V, and IpN 43.2 mA.) STATIC ELECTRICAL CHARACTERISTICS 
The CD4049A and CD4050A are designated 


as replacements for CD4009A and CD4010A, ayn 
respectively. Because the CD4049A and Characteristic 
CD4050A require only one power supply, 
they are preferred over the CD4009A and 
CD4010A and should be used in place of the 





CD4009A and CD4010A in all inverter, cur- Quiescent | 03 | 

rent driver, or logic-level conversion appli- Device 

cations. In these applications the CD4049A Current | 0.5 | 

and CD4050A are pin compatible with the ar ‘ ea 

CD4009A and CD4010A respectively, and cee 

can be substituted for these devices in Output 

existing as well as in new designs. Terminal Voltage: 

No. 16 is not connected internally on the . 
CD4049A or CD4050A, therefore, connection oie Level, 0 Typ; 0.05 Max, 
to this terminal is of no consequence to cir- OL 0 Typ.; 0.05 Max. 
cuit operation. For applications not re- High-Level, 4.95 Min.; 5 Typ. 


quiring high sink-current or voltage conver- 
sion, the CD4069 Hex Inverter is recom- 
mended. 


9.95 Min.; 10 Typ. 





Theset lied in 16-lead hermetic pn Ueiey: 

ese types are supplied in 16-lea: ara 
dual-in-ltine ceramic packages (D and F inputs Low, 1.5 Min.; 2.25 Typ. 
suffixes), 16-lead duat-in-line plastic pack- VNL 3 Min.; 4.5 Typ. 
age (E suffix), 16-lead ceramic flat packages CD4050A 


= 
° 


(K suffix), and in chip form (H suffix). Inputs High 


1.5 Min.; 2.25 Typ. 


Features: VNH 28 3 Min.: 4.5 Typ. Vv 
® High sink current for driving 2 TTL loads All Types 


8 High-to-low level logic conversion TMino 1S tye. 
8 Quiescent current specified to 15 V eka Low, 13.6 P= S| as YR. 
® Maximum input leakage of 1 uA at 15 V NL 2 Min.; 3 Typ. 
(full. package-temperature range) CD4049A 
Applications: 
® CMOS to OTL/TTL hex converter Margin: 
® CMOS current “sink” or “source” Inputs Low, 
driver Vim Min. 
* cmos high-to-low logic-level CD4050A 
converter 


CD4050A 
Output Drive 
Current: 
N-Channel 
(Sink), 

















Yoo — Veo + 
8 8 

vss —— ss 

NC FIZ . NC =13 92c5-27507 Leaka' 

NOHI3 aes a308 nels ge 


—5 
CD4049A CD4050A Current, £107—% Typ., +1 Max. 


Fig.1 — Functional diagrams. New 
Max. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
eee 


STORAGE-TEMPERATURE RANGE IT 509 
OPERATING. TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, K, H 


PACKAGE TYPE E 
OC SUPPLY-VOLTAGE RANGE, (Vac) 


(Voltages referenced to Vgg Terminal). .... 0.0.0. 


POWER DISSIPATION PER PACKAGE (Pp): 
FOR T,= ~40 to +60°C (PACKAGE TYPE E) 
FOR T= +60 to +85°C (PACKAGE TYPE E }) 


FOR Tp = -55 to +100°C (PACKAGE TYPES D, F, K) 
FOR Ta = +100 to +125°C (PACKAGE TYPES D, F, K). 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ty, = FULL PACKAGE -TEMPERATURE RANGE (ALL PACKAGE TYPES)... 


INPUT VOLTAGE RANGE, ALL INPUTS 
LEAD TEMPERATURE (DURING SOLDERING) 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max 








AMBIENT TEMPERATURE (T,a)* 25°C. 























































































































































































































































































































































































































































































































SUPPLY VOLTAGE (Vog)=5 V 
| 
> 
14 
2 
34 MINIMUM MAXIMUM 
w 3 
8 
g 
* 
5 
g 2 
* 
5 
2 
& 4 
3 
0) 1 2 3 ry 
INPUT VOLTAGE (wy)—¥ 
92¢$-20680 
Fig. 3—Minimum and maximum voltage 
transfer characteristics for 
CD4050A. 
10! 
> 
4 
° 
fa 
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iS preter 4 i 
Ee 4 SSE EE | 
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a ys +128 c 1 ae i + 
2 HH Hit HH i 
’ Lit 
# 
0 , 2345 6 7 @ 9 0 
INPUT VOLTAGE (vy =v 
9203-20483 


Fig. 6~ Typical voltage transfer charac- 
teristics as a function of tempera- 
ture for CD4049A. 


DRAW-TO-SOURCE VOLTAGE (Vog} —V 
0-8-8 “4 -2 0 




























































































































































































































































































































CD4049A, CD4050A Types 


—65 to +150°C 


—55 to +126°C 
—40 to +85°C 


—0.5 to+15 V 


‘ 500 mW 
Derate Linearly at 12 mW/°C to 200 mw 

Bak Eegpt epee eo ea 500 mW 
Oerate Linearly at 12 mW/°C to 200 mW 


100 mW 
-05 to Vpop +05 V 















































































































































































































































+265°C 
AMBIENT TEMPERATURE (Tale 25°C 
SUPPLY VOLTAGE (Vcc)}# 10 V 
19] 
> 9 
Hl 
° 6 
2 
ae 7 
‘< 
5 6 
gs MAXIMUM 
id 
5 
ry 4 
4 
5 
°o 3’ os 
2 Hie if 
1 
ow23s3 438 7? 9 10 
INPUT VOLTAGE (WyI—-v¥ 92C5-20481 


Fig. 4—Minimum and maximum voltage 
transfer characteristics for 
CD4049A, 
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INPUT VOLTAGE Wy =v 
s2C8-20484 


Fig. 7—Typical voltage transfer charac- 
teristics as a function of tempera- 
ture for CD4050A. 










































































































































































































































































AMBIENT TEMPERATURE (Tg)*25°C rH 
SUPPLY VOLTAGE (Vcc)#5 V 
: i 
2 + 
l« op ae 
2 
MINIMUM MAXIMUM 
w 3 + ae 
< > 4 
2, isSeuesacst Bs 
2 t 1 
© Har H 
z te i ah H 
3 | aasesssstcsseit 
ott. ts 
* m3 ea geese 
fo} ' 4 3 4 


INPUT VOLTAGE (WyI—v¥ 
9208-20479 
Fig. 2~Minimum and maximum voltage 
transfer characteristics for 
CD4049A. 


AMBIENT TEMPERATURE (Ty F25°C 
SUPPLY VOLTAGE (Vcc)#i0V 
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o 12345 67 69 0 
INPUT VOLTAGE WWyI—v 
9203-20482 
Fig. 5—Minimum and maximum voltage 
transter characteristics for 
CD4050A. 
AMBIENT TEMPERATURE (Ta) *25°C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR Ip*-0.3%/°C TYPICAL 
50 
Prro-SOURCE VOLTAGE 
(Oh (vgg}#10 ¥ 
ri iH 
I MAXIMUM OPERATING— Lett 
a POWER CURVE PER DEVICE atin 
3 
= tov 4 
: Hf MINIMUM i 
20 
3 sy arte 
z TYPICAL i i 
s sty ifs 
6 0 3V TET FH 
* MAXIMUM PACKAGE OISSIPATION 1 
MINIMUM «500 mw 
sesabtasussenesrsssecoss ens sussueve] 
°} 2 4 6 8 10 
DRAIN-TO-SOURCE VOLTAGE (Vpg)— Vv 
‘92C5-20485RI 
Fig. 8~Typical and minimum n-channel drain 


characteristics as a function of gate-to- 
source voltage ( Ves! for CD4049A, CD4050A, 
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Fig. 9—Typical and minimum p-channel drain LOAD CAPACITANCE (CPF gs tang LORD CAPACITANCE (6))—pF 


characteristics as a function of gate-to- 
source voltage (Ves! for CD4049A, 
CD4050A. 


Fig. 10—Typical high-to-low level propagation delay 
time vs. C, for CD4049A. 


Fig. 11—Typical high-to-low level propagation delay 


time vs. Cy for CD405GA. 
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CD4049A, CD4050A Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta=25°C; Input t,,te=20 ns, 
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Propagation Delay Time: 
Low-to-High, tery 


CD4049A 
















































































HIGH-LEVEL PROPAGATION DELAY TIME (ip, y) —ne 



















































































Hy 




















CD4050A 


° 20 40 60 80 100 


LOAD CAPACITANCE (C,]— pF 
92¢8- 20828 








High-to-Low, tpyHL 
CD4049A 


Fig. 12—Typical low-to-high level propagation delay 
time vs. Cy for CD4049A, 



































































































































































































































































































































































































































































































































































































































































































































































































































































































































[AMBIENT TEMPERATURE (Ta)=25°C Fa H 
CD4050A f Typical. TEMPERATURE COEFFICIENT FEE 
* FOR ALL VALUES OF Vcc *0.3%/*C. i 
s ue 4 t 
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r a Fig. 13—Typicat low-to-high level propagation delay 
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Fig. 14-Typical high-to-low level transition time Fig. 15—Typical low-to-high level transition time 3 
vs. Cy for CD40494, CD4050A. vs. Cy for CD4049A, CD4050A. 
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Fig. 22 ~— fa)/Schematic diagram of CD4049A, 1 of 
6 identical units. 
(b}) Schematic diagram of CD4050A, 1 of 


WPUTS TO EITHER 
Vnp OF Veg: 


vi 
Noe ba Le TO BOTH Vpp AND Vgg- 
ve 2 SeG)+ CONNECT ALL UNUSED 
=  Vss 
NOTE: 9209-27401 
TEST ANY ONE INPUT, 


ss WITH OTHER INPUTS AT 
s2¢s-27900 YOO OR Vss- Vgg 98¢8-27402 R, 6 identical units. 
Fig. 19— Noise immunity test circuit. Fig. 20—Input leakage current test circuit. Fig. 21 Quiescent device current test circuit. 
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CMOS LSI 4-Bit Arithmetic Logic Unit 


The RCA-CD4057A is a low-power arithme- 
tic lagic unit (ALU) designed for use in LS! 
computers. An arithmetic system of virtually 
any size can be constructed by wiring to- 
gether a number of CD4057A ALU's. The 
CD4057A provides 4-bit arithmetic opera- 
tions, time sharing of data terminals, and full 
functional decoding for all control lines. The 
distributed control system of this device 
provides great flexibility in system designs 
by allowing hard-wired connection of N 
units in 4N unique combinations. Four 
contro! lines provide 16 instructions which 
include Addition, Subtraction, Bidirectional 
and Cycle Shifts, Up-Down Counting, AND, 
OR, and Exclusive-OR logic operations. 


Two mode control lines allow the CD4057A 
to function as any 4-bit section of a larger 
arithmetic unit by controlling the bidirec- 
tional serial transfer of data to adjacent 
arithmetic arrays. By means of three “Con- 
ditional Controt”’ lines Overflow, All Zeros, 
and Negative State conditions may be 


Applications: 


® Parallel Arithmetic Units 
@ Process Controllers 


u 


CD4057A Types 


DATA 
out 
CONTROL 


PARALLEL 
OATA 
T/O LINES 


SMIF T/STORE 
Me REGISTER 











EFT SERIAL DATA LINE 





RIGHT SERIAL 
DATA LINE 



















FUNCTION 
SELECT FUNCTIONAL & ARITHMETIC 
® Remote Data Sets 12] FUNCTIONAL C7] 
‘ ‘ . MOOE yg) MOE CONTROLS CIRCUITS. 
™ Graphic Display Terminals MODE. 1 
K OVERFLOW 
see CONDITIONAL 
CONDITIONAL cock zhO, 
INPUTS ' GATING 
OVERFLOW 
, To INPUT/OUTPUT 
Voo * 26 7 
vse 725 REGISTER 92C5-2025B8R2 


detected and used to establish a conditional 
operation. Predetermined operation of the 
CD4057A on a conditional basis allows 
greater ALU flexibility. Although especially 
applicable as a parallel arithmetic unit, the 
CD4057A also finds use in virtually any 
application requiring one or more of its 16 
basic instructions. The CD4057A is supplied 
inahermetically sealed 28-lead dual-in-tine 
ceramic package (CD4057AD), 28-lead cer- 
amic flat package (CD4057AK), and in chip 
form (CD4057AH}. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE-TEMPERATURE RANGE (T.,g! 
OPERATING: TEMPERATURE RANGE (T,} 
PACKAGE TYPES D, K, H 
DC SUPPLY-VOLTAGE RANGE, {Vy} 
(Voltages referenced to Vg Terminal) 
POWER DISSIPATION PER PACKAGE (Pp) 
For Tq = -55 to +100°C (PACKAGE TYPES D, K) 
For T, = +100 to +125°C (PACKAGE TYPES D, K) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR T, = FULL PACKAGE -TEMPERATURE RANGE (ALL PACKAGE TYPES) 


INPUT VOLTAGE RANGE, ALL INPUTS 
LEAD TEMPERATURE (OURING SOLOERING) 


At distance 1/16 * 1/32 inch (1.59 + 0.79 mm) from case for 10 5 max. 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that 


operation is always within the following ranges: 


Supply-Voltage Range (For Tq = Full 
Package-Temperature Range) 


Setup Time, ts 
DATA 
OP CODE 


canon | ST | 


Clock Input Frequency, fo. 
Count Mode 
Shift Mode 








0.13 
0.46 


—65 to +150°C 


—55 to +125°C 


—0.5 10 +15 V 


500 mW 
Derate Linearly at 12 mW/°C to 200 mW 


100 mw 


+265°C 


Fig. 1 — Block diagram — CD4057A. 


Features: 


@ LS{i Complexity on a Single Chip 

© 16-Instruction Capability 

-Add, Subtract, Count 

-AND, OR, Exclusive-OR 

-Right, Left, or Cyclic Shifts 

Bidirectional Data Busses 

Instruction Decoding on Chip 

Fully Static Operation 

Single-Phase Clocking 

Easily Expandable to 8, 12, 16,. 

. .. Bit Operation 

® Low Quiescent Device Dissipation . . 
.. 2. 10 BW typ.) 

® Conditional-Operation Controls on Chip 

=| Add Time (Data In-To Sum Out) 


=375 ns (typ) at 10V 
@ Quiescent current specified to 15 V 


@ Maximum input leakage current of 1 UA 
at 15 V (full package-temperature range} 


@ 1-V noise margin (full package-temperature 
range) 


tpp (Dy - Cg) + 3 tpp (Cy — CQ) = 790 ns 


013-16 
tpp (Dy - Cg) + 2 tpp (Cy — Co) + tep (Cy ~ Sq) = 925 ns 
signe ! 1 - CQ) * tpp (Cy ~ Sq 


tpp (Of - CQ) + 2 tpp {C1 - Co) = 616 ns 


D912 


tpp (Dy — C¢o} + tpp (Cy - Co)+ tpp (Cy — Sg) = 750 ns 
$912 PD SST ‘o!* tpH (Cy — So! 
tpp (Dy - Cg) + tpp (Cy - Co) = 440 ns 


05-8 


tpp (Oy - Co) + tpp (Cy - Sq) * 57 ns 
868 ‘Ol * PO 11 — 90 
tpp (Dy - Cg) = 265 ns 


D146 
tpp (Dy — Sq) « 376 ns 








92CS -21875 
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CD4057A Types 


STATIC ELECTRICAL CHARACTERISTICS 

















CONDITIONS 


Cc 


CD4057AD, CD4057AK, CD4057AH 
CHARACTERISTIC — “ 








Quiescent Device 
Current I 





0 ozs aS O75 ’ 2508 US 2 225 


MAX. COUNTING FREQUENCY (fy)—MHz 
9208-21090 















Output Voltage; 
Low-Level, Vo, 


Fig. 3 — Maximum counting frequency vs. 
supply voltage for a typical CD4057A. 


| 5 | 

| 10 | 

ae 

| 8 | 0 Typ.; 0.05 Max. 

} 10 | 0 Typ.; 0.05 Max. 
. 4,95 Min.; 5 Typ. 
male ee OH 34 9.95 Min.; 10 Typ. 
| 5 | 1.5 Min.; 2.25 Typ. 
| 10 | 3 Min.; 4.5 Typ. 
| 5 | 1.5 Min.; 2.25 Typ. 


3Min.; 4.5 Typ. 


Noise Immunity 
(Alt Inputs) 
VNU VNH 


Noise Margin: 
Inputs Low, 
VNML 





bi) 


EJ 
LOAO CAPACITANCE (C,)—pF 
92cs-zi88) 





inputs High, 
VNMH 


Fig. 4 — Transition time vs. load capacitance 
for data outputs (D1-D4}). 


Output Drive Current: 
IpN, IpP 
Zero Indicator 


n-channel 


p-channel 






Negative tndicator 






n-channel 


S 

°o 

1] 
° ° 
i=) i=] 
~] a] 


p-channel 






Overflow Indicator 









n-channel 


p-channel 


2 
° 
o 





° 
Oo 
Ne] 


All Other Outputs 
n-channel 








p-channel 


t=] oS 
© ~ 
[7] 
a 
fo] 
~ 


“ty tg 22008 


Input Leakage Any Input 
Current - f-—] 15 +1078 Typ., + 1 Max. 
Vee MH 






92C3- 21874 





Ee 





Fig. 7 — Data hold time. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C and Cy = 15 pF, Ry = 200 k&2, 
ty.te = 20 ns 


Typical Temperature Coefficient at all values of Vp = 0.3%/°C 












LIMITS 
CD4057AD, CD4057AK 





TEST 
CONDITIONS 
Vb 





CHARACTERISTICS 


| 
? 


o 


Propagation Delay Time: the manner i 
mae < 
-to- oh awe 
SUM QUT 376 r 










CARRY IN-to- 
SUM OUT 


318 
[310 | 
| 960_| 
| 265 | 72 
[48s | 
[175 | 
[ 1980 | 


= $ 
3 8 


~ > ~ 
) x Pe g = 
3 Ss 8 rs) =) 



















ZI Input 
to: 750 aaa 
21 Output Fig. 8 — 
In MODE 0, 
Transition Time: In MODE 1 
tTLHATHL ; 
ZI Output in MODE 2, 
in MODE 3, 


Negative Indicator and 
Overflow Indicator 


All Other 
Outputs 475 
Minimum Clock Pulse 

Width, tw the terminal 
Clock Rise and Fall Time, Through the 
t,CL,teCL 


Minimum Set Up Time : tsLH-tsHL 
DATA 


OP CODE 


Minimum Data Hold Time, ty 4. tHHL 





Maximum Clock Frequency: foL 


Count Mode combination 


Shift Mode 


Input Capacitance, Cy 


ANY (NPUT 


Fig. 10. 


4 
V§S\o-[monE Spo“ [MODE S}-o*” Ys, __ RIGHT 4 4 
LINE} LINE 


Examples of how one 


CD4057A Types 


LOGIC DESCRIPTION 
OPERATIONAL MODES 


The CD4057A arithmetic fogic unit operates 
in one of four possible modes, These modes 
control the transfer of information, either 
serial data or arithmetic operation carries, to 
and from the serial-data lines. Fig. 8 shows 


n-which the four modes control 


the data on the serial-data lines, 


oa a eet 


Veo om. 

V5 > a WSs! RIGHT —+[lrooe 0} 
bard fee er Leer 

. Y 7 i) i 


et eee) 


BYPASS 


= 
o-{WODE To” és! piGHT 
: +0 DATA [wooe | 


DATA IN-to- LINE | 1 UNE 
CARRY OUT SSS shavpase 

ae oo sae 5 ae wo 
CARRY IN-to- Lert 9 iYSS Mo [wooe 2] Oe St RIGHT 
CARRY OUT LINE i aaa 1 LINE 


= ay 9205-20252m 
BYPASS 

Schematic of “Mode” concept. 
data can enter or leave from 
either the left or the right 
serial-data line. 

data can enter or leave only on 
the left serial-data line. 

data can enter or leave only 
on the right serial-data fine. 
serial data can neither enter 
nor leave the register,regardless 
of the nature of the operation. 
Furthermore, the register is 
by-passed electricaily, —_i.e., 
there is an electrical bidirec- 
tional path between the right 
and left serial data terminals. 


The two input lines labeled C1 and C2 in 


assignment diagram define one 


of four possible modes shown in Table I. 


use of mode control, individual 


arithmetic arrays can be cascaded to form 
one large processor or many processors of 
various lengths. 


TABLE ! — MODE DEFINITION 





* hard-wired “ 
of three ALU’s can form (a) a 


12-bit parallel processor, (b) one 8-bit and 
one 4-bit paratlel processor, or (c) three 
4-bit parallel processors. merely by changes 
in the modes of each ALU are shown in 
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CD4057A Types 


PARALLEL DATA 
IN/OUT LINES 














FUNCTION 
FUNCTION 
AND 
«® MODE 


CONTROL. 








ARITHMETIC 
CELL 
Nod 
CLOCK 


TO CARRY 
CONDITIONAL OUT LOGIC 


INPUTS % 


REGISTER Ei femurs 
CELL CELL 
Nod 


‘Ti ZI 
D3 oe “oe LINE INPUT 








REGISTER 
CELL 


No.3 No.I 


ARITHMETIC 
CELL 





ARITHMETIC 
CELL 
Nol 














TO CARRY 
OUT LOGIC 


TO CARRY 
OUT LOGIC 





OUT LOGIC 








‘ © CONDITIONAL, 


© oxme | 


OVER FLOW 
FIF 





CARRY OUT 
























| fe 


© @ 


EFT NEG. 


OVERFLOW OVERFLOW LI 
vo AND. SERIAL IND. 
OATA 


LINE 











J 
O ) 
aYPASS, ZI ROTATE-2 
OUTPUT (Ro2) 
Yoo 92CM-21876R) 


Fa INPUTS PROTECTEO BY 
COS/MOS PROTECTION NETWORK 


Vss 


Fig. 9 — Simplified logic diagram. 


Data-flow interruptions are shown by shaded 
areas. With these three ALU’s and the four 
available modes, 61 more system combina- 
tions can be formed. If 4 ALU’s are used, 
44 combinations (256) are possible. Fig. 77 

shows a diagram of 4 CD4057A‘s inter- 
connected to form a 16-bit parallel processor. 














NN] 
SSS 


92CS-20254 
Fig. 10 — “Mode” connections for parallel 
processor: 
(a) 12-bit unit, 
(b) one 8-bit and one 4-bit unit 
(c) three 4-bit units. 


Sy 


NOTE: The BYPASS terminal of the ‘‘most 
significant’’ CD4057A is connected to the 
bypass terminal of the “least significant’ 
CD4057A. The bypass terminals on all other 
CD4057A’s are left floating. This inter- 
connection is performed whenever more 
than one CD4057A are used to form a 
processor. 
INSTRUCTION REPERTOIRE 


Four encoded lines are used to represent 
16 instructions. Encoded instructions are as 
follows: 
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abed 

0 0 0 0 NO-OP (Operational Inhibit) 

0001 £4AND 

0010 = Count down 

001 1 + Countup 

0 1.0 0 Subtract Stored number 
from zero (SMZ) 

0 10 1° Subtract from parallel data 
lines (SM) (stored number from 
parallel data lines) 

0 1140 Add (AD) 

0 1 1 1 + Subtract (SUB) (Parallel data 
lines from stored number) 

100 0 Set to all ones (SET) 

100 1. Clear to all zeroes (CLEAR) 

101 0 Exclusive-OR 

1011 OR 

1.1.0 0 Input Data (From parallel 
data lines) 

1101 = Left shift 

1 1°10 Right shift 

11:1 °1 Rotate (cycle) right 


All instructions are executed on the positive 
edge of the clock. 


PARALLEL COMMANDS 


a. CLEAR - sets register to zero. 

b. SET —sets register to all ones. 

c. OR —processes contents of register 
with value on parallel-data lines in 
a logical OR function. 

d. AND —processes contents of register 
with value on parallel-data lines in 
a logical AND function. 


e, Exclusive-OR — processes contents 
of register with data on parallel-data 
lines in a logical Exctusive-OR function. 

f. IN —loads data on parallel-data lines 

into register. 

DATA OUT CONTROL — unloads 

contents of register and overflow 
flip-flop onto parallel data lines and 
overflow I/O independent of all other 
controls. 

h. SUB: 

In Mede 0, adds to the contents of 
the register the one’s com- 
plement of the data on the 
parallel-data lines. Carries 
can enter on the right 
serial data line and can 
leave on the left serial 
data line. The overflow 
indicator does not change 
State. 

In Mode 1, adds to the contents of the 
register the two’s comple- 
ment of the data on the 
parallel-data lines. Gener- 
ated carries can leave on 
the left serial line. The 
CARRY IN is set to zero. 
The overflow indicator 
does not change state. 

In Mode 2, same as Mode 0, except 
carries cannot leave on the 
right serial-data line. The 
absence or presence of an 
overflow is registered. 

In Mode 3, same as Mode 1, except 
carries cannot leave on the 
left serial-date line. The 
absence or presence of an 
overflow is registered. 


i. COUNT UP: 

In Mode 0, adds to the contents of the 
register the data on the 
right serial-data line and 
permits any resulting carry 
to leave on the left serial- 
data line. No data enters 
the parallel-data lines, 

In Mode 1, internally adds a one to 
the contents of the register 
and permits any resulting 
carry to leave on the left 
serial-data line. No data 
enters or leaves the right 
serial-data line. 

In Mode 2, adds to the contents of the 
register the data on the 
right serial-data line. No 
data enters or leaves the 
left serial-data line. 

In Mode 3, internally adds a one to 
the contents of the register 
No data enters or leaves 
the register on any serial- 
data or parallel-data line. 
In all modes, with the 
DATA OUT control high 


























LEFT SERIAL 
DATA INE 


(CARRY OUT} 





RIGHT SERIAL 
DATA LINE 
(CARRY IN) 


Yoo ® TERMINAL INTENTIONALLY LEFT FLOATING Yoo = Yss 


9208-20259 


Fig. 11 — Connection for 16-bit arithmetic logic unit. 


the count is presented on 
the parallel data tines (D1- 
D4). 

COUNT DOWN: 


In Mode 0, subtracts a one (2's comple- 
ment form) from the con- 
tents of the register and 
adds to this result the data 
on the right serial-data line 
and permits any resulting 
carry to leave on the left 
serial-data line. No data 
enters on the parallel-data 
lines, 

In Mode 1, internally subtracts a one 
from the contents of the 
register and permits any 
resulting carry to leave on 
the left serial-data line. No 
data enters or leaves the 
right serial-data line. 

In Mode 2, subtracts a one from the 
contents of the register and 
adds to this result the data 
on the right serial-data line, 
No data enters or leaves on 
the left serial-data line. 

in Mode 3, internally subtracts a one 
from the contents of the 
register, No data enters or 
leaves on the serial-data 
tines. 


In all modes, with the DATA OUT control 


high the count is presented on the parallel 


data lines (D1-D4). 
k. ADD(AD): 





In Mode O, adds the contents of the 
register to the data on the 
parallel-data lines and the 
right serial-data line. Any 
resulting carry can leave on 
the left serial-data line. The 
overflow indicator does not 
change state. 

In Mode 1, adds the contents of the 
register to the data on the 
parallel-data lines and allows 
any resulting carry to leave 
on the left serial-data line. 
The right serial-data Jine is 


open-circuited. The over- 
flow indicator does not 
change state. The CARRY- 
IN is set to zero. 

In Mode 2, adds. the contents of the 
register to the data on the 
parallel data lines and the 
right serial-data line. Any 
overflow sets the overflow 
indicator. The left. serial- 
data tine is open-circuited. 
The absence or presence of 
an overflow is registered. 

In Mode 3, adds contents of the register 
to the data on the parallel- 
data lines. Any resulting 
carry sets the overflow indi- 
cator. The two serial-data 
lines are open circuited. The 
absence or presence of an 
overflow is registered. The 
CARRY-IN is set to zero. 


Il. SM — same operation as AD except the 


contents of the register are two's comple- 
mented during addition in Mode 1 and 
Mode 3. In Mode 0 or Mode 2, the con- 
tents of the register are one’s comple- 
mented and added to the data on the 
right serial-data line and the parallel- 
data lines. Overflows occurring in Mode 
1 or Mode 0 do not alter the overflow 
indicator. The presence or absence of 
overflows is registered on the overflow 
indicator in Mode 2 or Mode 3. 


m. SMZ: 


In Mode 0, one’s complements the 
contents of the register 
and adds the data on the 
right serial-data line to the 
contents of the register. 
Any resulting carry can 
leave on the left serial- 
data fine. The overflow 
indicator does not change 
state. 

In Mode 1, two’s complements the 
contents of the register 
and permits any carry to 
leave on the left serial- 
data line. No data can 
enter the right serial-data 


CD4057A Types 


line. The overflow indi- 
cator does not change 
state. The CARRY-IN is 
set to zero. 

In Mode 2, one’s complements the 
contents of the register 
and adds the data on the 
right serial-data line to the 
contents of the register. 
Carries cannot leave the 
left serial data line. The 
absence or presence of an 
overflow alters the 
overflow indicator. 

In Mode 3, two’s complements the 
contents of the register. 
Seriat data can neither 
enter the right serial- 
data line nor leave the 
left serial-data fine. The 
overflow indicator is at 
zero, The CARRY-IN is 
set to zero, 

no operation takes place, 

The clock input is inhib- 

ited and the state of all 

registers and indicators 
remains unchanged. 


NO-OP — 


SERIAL-SHIFT OPERATIONS 


b. 


ROTATE (cycle) RIGHT — This opera- 
tion is internal. The contents of the 
register shift to the right, cyclic fashion 
with the leftmost stage accepting data 
from the rightmost stage regardless of 
the mode. Data can leave the register 
serially on the right data line only while 
the register is in Mode 1 or Mode 0. 
Data can enter the left data line serially 
while the register is in Mode 1 or Mode 
0. The Roi terminal of the “Most 
Significant’” CD4057A must be connect- 
ed to the Ro2 terminal of the ‘Least 
Significant’ CD4057A. All other Rot 
and Ro2 terminals must be left floating. 
When only one CD4057A is used, Ro1 
must be connected to Ro2. 


RIGHT SHIFT — The contents of the 


register shift to the right and serial opera- 
tions are as follows: 


In Mode 0, data can enter serially on 
the left data line, shift 
through the register, and 
Jeave on the ‘right data 
line. 

In Mode 1, data can enter serially on 
the left data line. The 
right data line effectively 
is open - circuited. 

In Mode 2, data can leave serially on 
the right data line. The left 
data line effectively is open- 
circuited. Vacant spaces are 
filled with zeros. 

In Mode 3, serial data can neither en- 
ter nor leave the register; 
however,the contents shift 
to the right and vacated 
places are filled with zeros. 
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In all modes, with the DATA OUT 
control high the data is presented 
on the parallel data lines (D1-D4). 


c. LEFT SHIFT — The contents of the 
register shift to the left and serial 
operations are as follows; 

In Mode 0, data can enter the right 
data line, shift through the 
register, and leave on the 
left data line. 

In Mode 1, data can leave serially on 
the left data line. The right 
data line effectively is 
open-circuited. All vacant 
positions are filled with 
zeros, 

In Mode 2, data can enter serially on 
the right data line. The 
left data line effectively is 
open-circuited. 

tn Mode 3, data can neither enter nor 
leave the register; however, 
the contents shift to the 
left, and vacated places 
are filled with zeros. 

In all modes, with the DATA OUT 

control high the data is presented on 

the parallel data lines (D1-D4). 


Because the “DATA OUT” contro! instruc- 
tion is independent of the other 16 instruc- 
tions, care must be taken not to activate 
this control when data are to be loaded into 
the processor. This instruction should only 
be activated when the processor is executing 
a NO-OP, any SHIFT, SMZ, COUNT UP or 
DOWN, CLEAR, or SET. 


tf a data tine, serial or parallel, is used as an 
input and the logic state of that line is not 
defined (i.e., the line is an open circuit),then 
the result of any operation using that tine is 
undefined. 


OPERATIONAL SEQUENCE FOR 
ARITHMETIC ADD CYCLE 


1. Apply IN Instruction and Word A on 
Parallel Data Lines (D1—D4). 

2. Apply CLOCK to load Word A into 
the register. 

3. Apply OP CODE instruction and Word 
B on Data Lines. 

4. Apply CLOCK to load resulting 
function of A and B into the register. 

5. Apply “DATA OUT” control to 
present result to Parallel Data Lines. 


NOTE: Transitions of Step 2 and Step 3 
may occur almost simultaneously: i.e. 
separated by only one data-hold time. 
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NOTES: Rol CONNECTED TO Roz; BY PASS IS OPEN, ZI CONNECTED TO Vop. REGISTER IN MODE 3. 


*SOLID LINE REPRESENTS INPUT FROM EXTERIOR SOURCE WHEN “DATA OUT" IS LOW; DASHEO (INE 
REPRESENTS OUTPUT 


WHEN "DATA OUTS HIGH. 


Fig. 12 — Timing diagram. 


NEGATIVE-NUMBER DETECTION 


The NEG IND terminal of the CD4057A is 
connected to the output of the flip-flop 
that is in the most significant bit position. 
A “1” on the NEG IND terminal indicates 
a negative number is in the register. This 
detection is also independent of modes. 


ZERO DETECTION 


The condition of “all zeros” is indicated 
by a “1” on the Zero Indicator terminal 
of the ‘Most Significant’ CD4057A. 

As shown in Fig. 11, terminal Z} of the 
CD4057A containing the least significant 
set of bits is connected to Vpp. Zero 
indication is independent of modes. 


COMPLEMENTING NUMBERS 


1. One’s complement of number in ALU 
register. 


a} ALU must be in MODE 0 or MODE 2. 


b) Zero on Rt. Data Line. 
c) Execute an SMZ instruction. 


(Continued) 


“DATA OUT" 


OVERFLOW 
INDICATOR 


NEGATIVE. 
INDICATOR: 


‘DATA sures 
REPRESENT OUTPUT WHEN “DATA 
OUT" 1S HIGH 


INPUT @ 


INPUT 


INPUT 


tPUT 














i stos 2b ct t 


' 2 3 4 cy 
“SOLID LINE REPRESENTS INPUT 
‘ROM EXTERIOR SOUR‘ 


ICE WHEN. 
LOW. DASHED LINES. 


92c8-21677 


Fig. 13 - Add cycle waveforms. 











2. One's complement of number to be 
foaded into ALU register. 

a) tf zero indicator output is low, 
execute a CLEAR instruction, and 
make Rt. Data Line = 0. 

b) ALU must be in MODE 0 or MODE 2. 


c) Execute an SUB instruction. 
3. Two’s complement of number in ALU 
register. 
a) ALU must be in MODE 1 or MODE 3. 
b) Execute an SMZ instruction. 
4. Two's complement of number to be 
loaded into ALU register. 
a) 1f zero indicator output is low, 
execute a CLEAR instruction, 
and make Rt. Data Line = 0. 
b) ALU must be in MODE 1 or MODE 3. 
c) Execute an SUB instruction. 
The following algorithms are given as a 
general guideline to demonstrate some of 
the capabilities of the CD4057A. 


MULTIPLICATION OF 
TWO N-BIT NUMBERS 





0...0/00..0 0...0/A,* ay.. any 





Multiplicand 


“Ag and B, are sign bits 


Multiplication Algorithm 
. Clear ALU to Zero 
. Store A, 
. If A, = 1, Complement Register 1. 
. If By = 1, Complement Register 2, 
. Load Register 2 into ALU. 
. Do shift Left on ALU N Times 
(N = number of bits). 
. Do N Times: 
(1) 
a) If MSB of ALU = 1 
(Negative Indicator = High), 
Then shift ALU left 1 bit; 
add Register 1 to ALU. 
b) tf MSB of ALU=0 
(Negative Indicator = Low) 
Then shift ALU left 1 bit. 
8. If As @ B, = 1, then Complement 
ALU. 
9. Answer in ALU. 


Oanrhwn = 


s~ 


8, in External Flip-Flop. 


Division Algorithm 


CD4057A CD4057A 


ALU 1 
(N Bits) 


ALU 2 
(N Bits) 





Asay. + aN—4 an-- agn—-1 





Divisor 


1, Store A, ® B, in External Flip-Flop. 
2. 1f A, = 1, complement ALU 1 and ALU 2. 


3. If B, = 1, complement Register A. 

4. Check for Divisor = 0 
a) If Divisor = 0; stop, indicates 

division by 0. 

b) If Divisor #0; continue. 

5. Apply SUB instruction to ALU 1 
and the contents of Register A to 
ALU 1 data lines. 

6. Puta zeroon RT data Jine of ALU 
2 and shift ALU 1 & ALU 2 leit 1 
bit. 

7. Do “N” times. 

(1) Apply a sub instruction to ALU 1 
and the contents of Register A to 
the ALU 1 data lines. 

a) If Cg = 1, then clock ALU 1, and 
put a 1 on right data line of ALU 2. 

b) If Cg = 0, then do not clock, and put 
a 0 on right data line of ALU 2. 

(2) Shift left 1 bit. 

8. If sign Flip Flop = 1, complement 
ALU 2. 

9. Answer in ALU 2. 


CONDITIONAL OPERATION 

Inhibition of the clock pulse can be accom- 
plished with a programmed NO-OP instruc- 
tion or through conditional input terminals 
A,B,and C.In a system of many CD4057A’s, 
each CD4057A can be made to automati- 
cally control its own operation or the 
operation of any other CD4057A in the 
system in conjunction with the Overflow, 
Zero, or Negative (Number) indicators, 
Table Il, the conditional inputs, truth 
table, defines the interactions among A,B, 
and C. 


CD4057A Types 


TABLE I! — CONDITIONAL-INPUTS 
TRUTH TABLE 


OPERATION 
_—e 








X = don't care 


Two examples of how the conditional 
operation can be used are as follows: 
1) For the Multiplication Algorithm 
A= 1, for step 7 (1) 
A= 0, for step 7 (2) 
B=1 
C = negative Indicator 
2) For the Division Algorithm 


A= 1, for step 7 (1) 
A= 0, for step 7 (2) 
B=1 

C= Co (left data tine) 


OVERFLOW DETECTION 

The CD4057A is capable of detecting and 
indicating the presence or absence of an 
arithmetic two’s-complement overflow. A 
two’s-compiement overflow is defined as 
having occurred if the signs of the two initial 
words are the same and the sign of the result 
is different while performing a carry-gener- 
ating instruction. 


0.011 
(+) 0.110 
1,001 


Overflows can be detected and indicated 
only during operation in Mode 2 or Mode 3 
and can occur for only four instructions 
(AD, SMZ, SM, and SUB). If an overflow is 
detected and stored in the overflow flip-flop, 
any one of the five instructions AD, SMZ, 
SM, SUB, or IN can change the overflow 
indicator. 

When any of the three subtraction instruc- 
tions is used, the sign bit of the data being 
subtracted is complemented and this vatue 
is used as one of the two initial signs to 
detect overflows. If an overflow has occur- 
red, the final sign of the sum or difference is 
one’s complemented and stored in the most- 
significant-bit position of the register. 

The overflow flip-flop is updated at the same 
time the new result is stored in the 
CD4057A. Whenever data on the parallel- 
data lines are loaded into the CD4057A, 
whatever is on the Overflow 1/0 line is 
loaded into the overflow flip-flop. Also, 
whenever data are dumped on the parallel 
data lines from the CD4057A, the contents 
of the overfiow flip-flop are dumped on the 
Overflow 1/0 line. Thus overflows may be 
stored elsewhere and then fed into the 
CN4057A at another time. 


For example: 
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OPERATIONAL SEQUENCE 2. 
AND WAVEFORMS FOR 
PROPAGATION-DELAY MEASUREMENTS 


1. DATA-IN-to-CARRY OUT and DATA 
IN-to-SUM OUT 


CARRY IN-to-CARRY OUT and CARRY 
IN-to-SUM OUT 


A. Apply Word A and IN instruction 
B. Apply Clock to load word A into 





























register 
A. Apply Word A and IN instruction C. Apply AD instruction 
B. Apply Clock to load word A into D. Apply Word B 
register E. Apply CARRY IN (carry in) 
C. Apply AD instruction F. Apply Clock to load result 
D. Apply Word B (data in) (sum out) 
—. Apply Clock to load result G. Apply DATA OUT CONTROL 
(sum out) to look at result 
F, Apply DATA OUT CONTROL 
to look at result 
A 8 ¢ Dp © FG 
+4 4 be gas 
WPUT a INPUT a 
INPUT b INPUT b 
INPUT ¢ INPUT oc 
INPUT d INPUT 4 
DATA OUT CONTROL DATA OUT CONTROL 
Data * oata * 
bata 2" oaTa 2° 
oaTa 3* oaTa 3" 
oata 4% oaTA 4 
CLOCK CLOCK 
CARRY OUT CARRY IN, 
@ bata w t 
® canny our O&O CARRY OUT 
@® sm out * SOLID LINE REPRESENTS INPUT { { 
@-+©® oar in To carry our Date our 1S LOW OASHEO LIMES O&O 
@© —-©©® pata iw To sum our Ours GH pee dshaeitain @ carry in 
s2cs-21078 @ canny out 
@ su ovr “Rup ane aeenaseaT NT 


“DATA OUT" IS LOW. DASHED LINES 
REPRESENT OUTPUT WHEN “DATA 
OUT” IS HIGH 


© — @ecaany in to cARAY our 
@ — Deane in to sum our 
92Cs-2079 


Fig. 14(a) — DATA IN-to-CARRY OUT and 
DATA IN-to-SUM QUT, 
TYPICAL APPLICATION 
The CD4057A has been designed for use as a 
parallel processor in flexible, programmable, 
easily expandable, special or general purpose 
computers, where minimization of external 


(8) CO4061A 256X1 RAMS 


CLOCK CONTROL LINES. 


Fig. 14(b) — CARRY IN-to-CARRY OUT and 
CARRY IN-to-SUM OUT. 


8 bits in parallel. 













8~BIT DATA BUS 


@ ADORESS LINES 





| REAO/WRITE LINE CO40344 


REGISTER 


CLOCK PROGRAM 
COUNTER 















AOORESS LINES 
CONTROL LINES 





Fig. 18 — Example of computer organization using CD4057A. 
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INPUT=OUT PUT 


Yoo 


INPUTS ouTeuts 
Yoo" Yn 


sd + 
° = 
VAL. 
NOTE: 


TEST ANY ONE INPUT, 
Vs WITH OTHER INPUTS AT 
s2cs-27400 YOO OR Vsg 


Fig. 15 — Noise-immunity test circuit. 


INPUTS 


Vss 
9208-2740) 


Fig. 16 — Quiescent-device-current 
test circuit 


INPUTS 


Yop NOTE: 

MEASURE INPUTS 

SEQUENTIALLY, 

Vss TO BOTH Vpp ANO Vg: 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vpp OR Vss° 

ss 
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Fig. 17 — Input-leakage-current 
test circuit. 


connections and data busing are primary 
design goals. The block diagram of Fig. 18 
is an example of a computer that processes 


EXTERNAL 
DATA 
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CMOS Programmable 


Divide-by-""N” Counter 


Standard “A‘-Series Types (3-to-15-Volt Rating) 


RCA-CD4059 standard “A-Series types are 
divide-by-N down-counters that can be pro- 
grammed to divide an input frequency by 
any number “N” from 3 to 15,999. The out- 
put signal is a pulse one clock-cycle wide 
occurring at a rate equal to the input fre- 
quency divided by N. This single output has 
TTL drive capability. The down-counter is 
preset by means of 16 jam inputs. 


The three Mode-Select Inputs Ka, Kb, and 
Kc determine the modulus (‘‘divide-by” 
number) of the first and last counting sec- 
tions in accordance with the truth table 
shown in TableI. Every time the first 
(fastest) counting section goes through one 
cycle, it reduces by 1 the number that has 
been preset (jammed) into the three decades 
of the intermediate counting section and into 
the last counting section, which consists of 
flip-flops that are not needed for operating 
the first counting section. For example, in 
the + 2 mode, only one flip-flop is needed 
in the first counting section. Therefore 
the last counting section has three flip-flops 
that can be preset to a maximum count of 
seven with a place value of thousands. If 
+ 10 is desired for the first section, Ka is 
set to 1, Kb to 1, and Ke to 0. Jam Inputs 
J1, J2, J3, and J4 are used to preset the 
first counting section and there is no last 
counting section. The intermediate counting 
section consists of three cascaded BCD de- 
cade (+ 10) counters presettable by means 
of Jam inputs J5 through J16. 


The Mode-Select Inputs permit frequency- 
synthesizer channel separations of 10, 12.5, 
20, 25, or 50 parts. These inputs set the 
maximum value of N at 9999 (when the 
first counting section divides by 5 or 10) or 
15,999 (when the first counting section 
divides by 8, 4, or 2). 

The three decades of the intermediate count- 
ing section can be preset to a binary 15 in- 
stead of a binary 9, while their place values 
are still 1, 10, and 100, multiplied by the 
number of the + N mode. For example, in 
the + 8 mode, the number from which count- 
ing-down begins can be preset to: 


3rd decade: 4500 
2nd decade: 150 


1st decade: 15 
Last counting section 1000 


The total of these numbers (2665) times 
8 equals 21,320. The first counting section 
can be preset to 7. Therefore, 21,327 is the 
maximum possible count in the + 8 mode. 

The highest count of the various modes is 
shown in the column entitled Extended 


Counter Range of Table t. Controt inputs 
Kb and Ke can be used to initiate and lock 
the counter in the “master preset’ state. 
{In this condition the flip-flops in the counter 
are preset in accordance with the jam in- 
puts and the counter remains in that state 
as long as Kb and Ke both remain low. The 
counter begins to count down from the 
preset state when a counting mode other 
than the master preset mode is selected. 


The counter should always be put in the 
master preset mode before the +5 mode is 
selected. 


Whenever the master preset mode is used, 
control signals Kb=0 and Kc=0 must be 
applied for at least 3 full clock pulses. 


After the Master Preset Mode inputs have 
been changed to one of the + modes, the 
next positive-going clock transition changes 
an internal flip-flop so that the countdown 
can begin at the second poasitive-going clock 
transition. Thus, after an MP (Master Preset) 
mode, there is always one extra count before 
the output goes high. Fig.1 illustrates a 
total count of 3 (+ 8 mode). If the Master 
Preset mode is started two clock cycles or 
less before an output pulse, the output pulse 
will appear at the time due. If the Master 
Preset Mode is not used the counter jumps 
back to the “JAM” count when the output 
pulse appears. 


3) 3,3, 3| 2 |m a ebdlstebalslaleals! 


Ke (kKa*Kb#0) 
INTERNAL STATE 
OF COUNTER 

‘OUTPUT 
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Fig.1 — Total count of 3. 


A ‘'1" on the Latch Enable input will cause 
the counter output to remain high once an 
output pulse occurs, and to remain in the 
high state until the latch input returns to 
“O”" If the Latch Enable is “0, the output 
pulse will remain high for only 1 cycle of 
the clock-input signal. 


As illustrated in the sample applications, this 
device is particularly advantageous in com- 
munication digital frequency synthesis (VHF, 
UHF, FM, AM, etc.) where programmable 
divide-by-N’’ counters are an integral part 
of the synthesizer phase-locked-loop sub- 
system. The CD4059A can also be used to 
perform the synthesizer Fixed Divide-by-R”’ 
counting function. !1 is also useful in general- 
Purpose counters for instrumentation func- 
tions such as totalizers, production counters, 
and “‘time out’’ timers. 
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2 
3 
4 
5 
6 
7 
8 
9 


- o 


TOP VIEW 
92CS~ 22212RI 


TERMINAL DIAGRAM 





Operational and Performance Features: 

@ Synchronous Programmable + N Counter: 
N = 3 to 9999 or 15,999 

@ Presettable down-counter 

® Fully static operation 

& Mode-select control of initial decade 
counting function (+ 10,8,5,4,2) 

= 12L drive capability 

= Master preset initialization 

®@ Latchable + N output 

a 

a 


Quiescent current specified to 15 volts 
Max. input leakage current of 1 A at 15 
volts full package-temperature range 
B® 1 volt noise margin, full package- 
temperature range 
= 5-V and 10-V parametric ratings 
Applications 
= Communications digital frequency 
synthesizers: VHF, UHF, FM, AM.etc. 
= Fixed or programmable frequency 
division 
= “Time out” timer for consumer-appli- 
cation industrial controls 
™ Companion Application Note,LCAN-6374, 
“Application of the CMOS CD4059A 
Programmable Divide-by-N Counter in 
FM and Citizens Band Transceiver 
Digital Tuners” 


The CD4059A series types are available ina 
24-lead ceramic dual-in-line package (D 
and F suffixes), 24-lead dual-in-line plastic 
package (E suffix), 24-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). 
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MAXIMUM RATINGS, Absoiute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 


(Voltages referenced to Vgg Terminal) .......... Midrand eat itinar ata APD saa tea eae Nhs wales ~0.5 to +15 V 
INPUT VOLTAGE RANGE, ALL INPUTS ......... 000s cece cece eect tener eeuee eres -0.5 tO Vnp +0.5V 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = -40 to +60°C (PACKAGE TYPE E) .... cece ccc eee cece een terete enenerees 500 mW 

For Ta = +60 to +85°C (PACKAGE TYPE E) ........... cece eee e eee enn ee Derate Linearly to 200 mW 

For Ty = -55 to +100°C (PACKAGE TYPES D, K, H) 00... .ce scene essen ener eee ete ree eaenes 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D, K,H) ...... abana aca .... Derate Linearly to 100 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..............-055 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES D, K,H ..........- ead th ateeeamen taki bis stances he ben s viewed « -55 to +125°C 

PACKAGE TYPE Ee. cc nsinie sc ciaiew sceneaccicianns Vas aateiet eee elawie es Ca E oni ethan miele suai ee ~40 to +85°C 
STORAGE TEMPERATURE RANGE (Tgtg) 0. -e cere cree ern e renee eee nen nnene -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max, ........ cece eee wees +265°C 


STATIC ELECTRICAL CHARACTERISTICS 


Characteristic a Vin | Vpp 
vi} (vb | ov) 


Quiescent Device Bae 
Current, | | {10 | 
8 











Limits 
pra at —55°C,+25°C,+125°C Apply to D, K, H, Packages 
Values at —40°C,+25°C,+85°C Apply to E Packages 


Salata 
| 20 | 200 | 400 _ | 
ES eae 












+ 

N 

a 
5. 


jn~ CHANNEL DRAIN CURRENT {I 5N y—ma | 


Nilo 
o|o 


Output Voltage: 
Low Level, 
VoL Max. 


High Level, 














Noise Immunity: 
Inputs Low, 


4 
SISK 
is) 
nfo 
oslo 






Vuemin. [| [10 | 
InputsHigh, | { | 5 | 2.25 





VNH Min. 


sisi 







Noise Margin: 
Inputs Low, 
VNML Min. 
Inputs High, 
VNMH Min. 
Output Drive 
Current: 
N-Channel 
(Sink) 
















< 


= 


eee 








fa 
aS eae [-1.16 | -1.6[-32 | — | 
[0.3 [-0.4|-08 | - | 

rast [aon = [ars] oes) “oat | — J 
ae 


PF] fe} fe 


P-Channel 
(Source) 
\pP Min. 
Input Leakage 


Current:* 
"iL, "WH Max. 







* Any Input 
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OPERATING CONDITIONS AT Ta = 25°C 
(Unless otherwise specified) 


For maximum reliability, nominal operating condi- 
tions should be selected so that operation is always 
within the following ranges. 


Characteristic 


Supply Voltage 
Range 
(over full temp. 
range} 

Clock Pulse 


Width 


Clock Input 
Frequency 
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Fig.2 — Minimum output n-channel 
drain characteristics. 
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Fig.3 — Typical output n-channel 
drain characteristics. 
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Fig.4 — Minimum output p-channel 
drain characteristics, 
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DYNAMIC ELECTRICAL CHARACTERISTICS AT Ta = 25°C, Cy = 50 pF, Input ty,t¢ = 20 ns, ana SOURCE eats esiey 
Ri_ = 200 kD AMBIENT TEMPERATURE (T, )* 25°C : 
} are 1 SOURCE VOLTAGE (Vogl $V 8 i 
LIMITS i Los 
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Fig.6 — Typical output p-channel 
drain characteristics, 


Maximum Clock Input Frequency, fol. 
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Average Input Capacitance, Cy 


AMBIENT TEMPERATURE (Ta }=25°C A 
(any input) : 














x 
re) 





= 




















UpLH 
£ 



































3 















































& 
































x» 
2 
° 
a 
a 
4 
z= 
< 
> 
z= 
z 
D 
¢ 
a 
a 
2 
° 
2 
LOW-TO-HIGH PROPAGATION DELAY TIME 
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Fig.7 — Typical Jow-to-high propagation delay 
time vs. load capacitance. 
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outeut DIVIDE ~BY-N 
LATCH OUTPUT a 
ENABLE 
LOAD CAPACITANCE (CL)—pF 

Yoo 92CM~22213RE 9208-26942 
Fig.8 — Typical high-to-low propagation delay 

time vs. load capacitance. 

ALL INPUTS (TERMS. 1-11, 13-22) PROTECTED 
BY cmos PROTECTION NETWORK AMBIENT TEMPERATURE (Ta)? 25°C 
Vgs Fig.5 — Functional block diagram. 
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92CS-24322R1 
Fig.9 — Typical low-to-high transition time 
vs. load capacitance. 


603 








CD4059A Types 





































































































19 3 
OHtH t aade 
[) 20 630 —=— 40 so 60 70 Bt 
LOAD CAPACITANCE (CL)—pF 























[HIGH-TO-LOW TRANSITION TIME (? rHU- 98 



















































































100 


92cs- 26943 
Fig.10 — Typical high-to-low transition time 
vs. load capacitance, 
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Fig.11 — Typical max. clock frequency 
vs. supply voltage. 
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Fig.12 — Typical power dissipation vs. 
input frequency. 


AMBIENT TEMPERATURE (Ta }* 25°C 
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Fig.13 — Typical power dissipation 
vs. clock input frequency. 












TABLE I 











FIRST COUNTING LAST COUNTING 
SECTION SECTION RANGE 
[DESIGN [EXTENDED | 
Jam 
inputs inputs 
used: : : used: 


Jt 
J1,J2 
J1J2,J3 
41,532,353 
J1,J2,J3,54 
MASTER PRESET 


15,999 
15,999 

9,999 
15,999 
9,999 




















MASTER PRESET 


X = Don’t Care #Operation in the +5 mode (1St counting section) requires 
4 31 = Least significant bit. going through the Master Preset mode prior to going into 
J4 = Most significant bit. the +5 mode. At power turn-on, kc must be a logic “O” 


for a period of 3.input clock pulses after Vpp reaches 


a minimum of 3 volts. See Fig. 21 for a suggested external 
preset circuit. 


HOW TO PRESET THE CD4059A TO DESIRED + N 


The value N is determined as follows: 
N=[MODE*] (1000 x Decade 5 Preset + 100X Decade 4 a) 
Preset + 10X Decade 3 Preset + 1X Decade 2 Preset ] + Decade 1 Preset 
* MODE= First counting section divider (10, 8, 5, 4 or 2) 
To calculate preset values for any N count, divide the N count by the Mode. 


The resultant is the corresponding preset values of the Sth through 2nd 
decade with the remainder being equal to the 1st decade value. 


(2) 


N 
Preset Value = Mode 


Examples: 
A) N = 8479, Mode = 5 MODE SELECT = 5 


ie. Preset Values 


5 [8479 Ka Kb Ke 
Mode N 1 0 1 


PROGRAM JAM INPUTS (BCD) 


4 1 5 9 6 
—— ——_—_ Eo ——— ee, 
J1 J2 J3 Ja J5 J6 J7 J8 J9 S10 Ji1 J12 J13 J14 J15 J16 
0 0 1 4 1 2 1. 0 1 O Oo 1 0 1 1 0 


To verify the results use equation 1 : 
N= 5 (1000X 1+ 100 X6+10X9+1X5)+4 


N = 8479 
MODE SELECT =8 


B) N = 12382, Mode = 8 
1547+6 Ka Kb Ke 


8 | 12382 oo 11 
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PROGRAM JAM INPUTS 





6 1 7? 4 5 
—— ee Goes nooo —_CO 
J1 J2 J3 J4 J5 JS6 J7 J8 JQ $10 S11 J12 J13° 314 J15 J16 
Oo 1 1 «+41 1 1 1 «0 0.60 1 0 1 Oo 61 0 
To verify: 
N =8 (1000 X1+100X5+10X4+1X7)+6 
N = 12382 


MODE SELECT = 10 
C) N = 8479, Mode = 10 
0847 +9 Ka Kb Ke 


10] 8479 1 #1 #90 


PROGRAM JAM INPUTS 


9 7 4 8 
Ji J2 J3 J4 J5 J6 J7 J8 J9 J10 J11 512 J13--J14 4J15 J16 
1 0 0 1 1 14 71 =0 0 Oo 1 0 0 o.).U°*#ét 1 
To Verify: 
N= 10 (1000 X0+ 100X8+10X4+1X7)+9 
N = 8479 


DIGITAL PHASE-LOCKED LOOP (PLL) FOR FM BAND SYNTHESIZER 


OUTPUT 
98.8 to 118.6 MHz 


CHANNEL 
SELECT 





















+K FN 
PRESCALER COUNTER 


CD4059A 














XTAL +R 
OSCILLATOR COUNTER 
CD4059A 


LOW-PASS 
FILTER 


1) Calculating Min & Max “’N”’ Values : 


Output Freq. Range (tg) = 98.8 to 118.6 MHz 
Channel Spacing Freq. (fe) = 200 kHz 


Division Factor (k) = 40 2 


f 
Reference Freq, (fr) = == kHz = 5 kHz 
k 40 


fo 118.6 MHz 98.8 MHz 
fk =F0 ° f, Max. = —n = 2.965 MHz; f,Min = 70 = 2.47 MHz 
f 
N=2 
fo 
Natex = LISS MHZ _ og, Nan, <288.MHZ _ aq 9 -258MHZ 
ax" "200 kHz Min ~ "200 kHz 5 kHz 
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“CASCADING” VIA OTHER COUNTERS 


Fig. 14 shows a BCD-switch compatible ar- 
rangement suitable for + 8 and + 5 modes, 
which can be adapted, with slight changes, 
to the other divide-by-modes. In order to be 
able to preset to any number from three to 
about 256,000, while preserving the BCD- 
switch compatible character of the jam in- 
puts, a rather complex cascading scheme is 
required. Such a cascading scheme is neces- 
sary because the CD4059A can never be pre- 
set to a count less than 3 and logic is needed 
to detect the condition that one of the num- 
bers to be preset in the CD4059A is rather 
small. {n order to simplify the detection 
logic, only that condition is detected where 
the jam inputs to terminals 6, 7, and 9 would 
be Jow during one count. If such a condition 
is detected, and if at feast 1 is expected to be 
jammed into the MSB counter, the detection 
logic removes one from the number to be 
jammed into the MSB counter (with a place 
value of 2000 times the divide-by-mode) and 
jams the same 2000 into the CD4059A by 
forcing terminals 6, 7, and 9 high. 

The clock of the CD4013A may be driven 
directly from the output of the CD4059A, 
as shown by dashed option (1), or by the 
inverted output of the CD4059A, option (2). 
If option (2) is used the CD4029A cannot 
count cycles shorter than 3. If option (1) is 
used propagation delay problems may occur 
at high counting speeds. 

The general circuit in Fig.14 can be simpli- 
fied considerably if the range of the cas- 
caded counters does not have to start at a 
very low value. Fig.15 shows an arrange- 
ment in the + 4 mode, where the counting 
range extends in a BCD-switch compatible 
manner from 88,003 to 103,999. The ar- 
rangement shown in Fig.15 is easy to follow; 
once during each cycle, the less significant 
digits are jammed in (14,712 in this case) 
and then 11,000 (4 x 2750) is jammed in 
eight times in succession, by forcing jam in- 
puts high or low, as required, 

Numbers larger than the extended counter 
range can also be produced by cascading 
the CD4059A with some other counting 
device. Fig.16 shows such an arrangement 
where only one fixed divide-by number is 
desired which is close to three times the ex- 
tended counter range as shown in the last 
column of Table I.. The dual flip-flop wired 
to produce a + 3 count, can be replaced by 
other counters such as the CD4029, CD4510, 
CD4516, CD4017, or the CD4022. In Fig.16 
the + N subsystem is preset once to a number 
smaller than the desired divide-by number. 
This smaller number represents the less sig- 
nificant digits of the divide-by number. The 
subsystem is then preset one or more times 
to a round number (e.g. 1000, 2000) and 
multiplied by the number of the divide-by 
mode (+ 2 in the example of Fig.16). It is 
important that the second counting device 
has an output that is high or low, as the 
case may be, during only one of its counting 
states. 
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2) + N Counter Configuration for UHF — 220 to 400 MHz 
Channel Spacing: 50 kHz or 25 kHz 


Pa} } =} 


50/25 kHz 100 kHz 1 MHz 10 MHz 100 MHz 
400 MHz 400 MHz 
NMax = 55 kHz = 16,000 Nmax = SO kH2 = 8,000 
220 MHz 220 MHz 
NMin = “25 kHz 8-800 Nein = “so KHz ~ 4400 


3) + N Counter Configuration to VHF — 116 MHz 
Channel Spacing = 12.5 kHz 


as ee pe 


12.5 kHz 100 kHz 1 MHz 10 MHz 100 MHz 
160 MHz 116 MHz 
-—t = = 9,300 
NMax = To 6kH2 7800 NMin= 726 kHz 


4) + N Counter Configuration for VHF — 30 to 80 MHz 5) + N Counter Configuration for AM — 995 to 2055 kHz 





Channel Spacing: 25 kHz Channel Spacing = 10 kHz 
10 kHz 100 kHz 1 MHz 
= fs AE LA 2055 kHz 995 kHz 
25 kHz 25 kHz y Se S908 Nun =—-———= 
NMax = 49 KHz Min "10 kHz 


7-TREMAINOER: NTS(RBORSI—\ TENS Lx BORSI 


PORTER 
if | 


























Msp COUNTER 



































Pre cvaozan 


T {94 CLOCK 
1 
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JAM INPUTS: 
TERM. 3-10, 15-22 


























cLocK 











cp405oa 








D v2 
CD4013a 
cL. 








TE 

EACH AND GATE IS 1/4 CO40GI6 
EACH OR GATE 15 1/3 CDEOTSE 
EACH NOR GATE 1S 1/2 CD40024 92k -26946n) 
EACH INVERTER IS 14% CO40698 


Fig.14 — 8CD switch-compatible =N system of the most general kind. 
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Fig.15 — Dividing by any number from 88,003 to 103,999. 
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Fig.16 — Division by 47,690 in +2 mode. 
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Fig.19 — Power dissipation 
test circuit 
fall > modes). 


Fig.18 — Noise immunity 
test circuit. 
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Fig.17 — Quiescent device 
current test circuit. 
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NOTE: 
MEASURE INPUTS SEQUENTIALLY, 
TO BOTH Vpp AND Vgg . CONNECT 
ss ALL UNUSED INPUTS TO EITHER 
Voo OR Vgs- 
92C3 - 26952 


Fig.20 ~ Input leakage current test circuit. 
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Cy 
0.02 TO 
Ol pF 
INSI4 
100 ka vA 
To. 3 EQUIVALENT 
(MQ 
ace) 
CD4059 
PINI 
(CLOCK) 
0.000! wF 
TO 
0.001 uF 
TO CD4059 
PIN UL (Ke) 92CS -33102 


* DEPENDS UPON Vop 
VOLTAGE 


For changing from any mode other than mode 5 
(with power on), apply positive pulse to Cin. This 
circuit automatically selects master preset mode 
(Ky = 0, K, = 0) before going into the select con- 
ditions for mode 5 (Ka = 1, Ky = 0, K = 1). The 
selection of C,; and Cz is critical. C, is determined 
by the VDD voltage--the lower VDD's need larger 
Cy's. C2 must be 0.1 uF or targer. 


Fig.21 - CD4059A mode 5 power on master preset circuit. 


: Re W isan O (hia 
hy | 
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147-155 
(3.734-3.937) 


























pane: See 


°° oes 
4-10 
10.102- 0.254) 


141-149 
(3.582-3.764) 





92Cm- 2698381 


Dimensions ir parertheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10°3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
water is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may ditter slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


Dimensions and pad layout for CD4059AH. 
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CMOS 14-Stage Ripple-Carry 
Binary Counter/Divider and Oscillator 


The RCA-CD4060A consists of an oscillator Features: 

section and 14 ripple-carry binary counter 

stages. The oscillator configuration allows = 4-MHz operating frequency (typ.) at Vpp —Vgg = 10 V 
design of either RC or crystal oscillator ® Common reset 

circuits. A RESET input is provided which ® Fully static operation 

resets the counter to the all-O’s state and @ 10 buffered outputs available 

disables the oscillator. A high level on the ™ Quiescent current specified to 15 V 

RESET line accomplishes the reset function. © Maximum input leakage current of 1 A 


All counter stages are master-slave flip-flops. at 15 V (full package-temperature range) 
The state of the counter is advanced one @ 1-V noise margin (full package-temper- 
step in binary order on the negative transi- ature range} 


tion of fita)ol inputs and outputs are Oscitlator Features: 


full ff 
billy battete @ All active components on chip 


® RC or crystal oscillator configuration 


Applications: 


= Timers 
@ Frequency dividers 


These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack- 
age (E suffix), 16-tead ceramic fiat packages 
(K suffix), and in chip form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 






STORAGE TEMPERATURE RANGE (Totg) .. 0... ececeee cece eect eee e eee e ee eeneues -65 to +150°C 
OPERATING-TEMPERATURE RANGE (Pa): 

PACKAGE TYPES D, F,K,H ........cecc see eee eee eee ence eres eae eeae ena genee ene -55 to +125°C 

PACKAGE TYPELE: wisicaiaiis Sones cecieaie Cawdanebne ied of vy tuigile Ge Soeaeng bes cece 40 to +85°C 
DC SUPPLY-VOLTAGE RANGE, (Vop) 

(Voltages referenced to Vgg Terminal) ............ cece ee ecee cece cece eeneeeneeeeeens -0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ty = -40 to +60°C (PACKAGE TYPE E) .... 0.0... 0c eee c eee cece enact eteaeeeenaes 500 mw 






For T, = +60 to +85°C (PACKAGE TYPE E) .... Derate Linearly at 12 mW/°C to 200 mw 


For Ty = -55 to +100°C (PACKAGE TYPES D,F,K) ....... 0.00. c cece eceeeeeeeeeeeeeseees 500 mw 

For Tp = +100 to +125°C (PACKAGE TYPES D,F,K) ....... Derate Linearly at 12 mW/°C to 200 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ty = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...............06: 100 mw 
INPUT VOLTAGE RANGE, ALL INPUTS ........... ccc eee cce cece eee ce eeeteeeaee -0.5 to Vpp +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S Max. ....... 0... cece ee eee +265°C 


RECOMMENDED OPERATING CONDITIONS at T, = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 













CHARACTERISTIC VbD mak = 
(v) Te : ec 
Supply-Voltage Range (For Tap = Full 3 

Pack age-Temperature Range) 
Input-Pulse Width, tw 5 400 
f = 100 kHz 10 110 

Input-Pulse Rise & Fall 

Time, tre» tig 


2 | | 
15 
7.5 
Input-Pulse Frequency, fg ee eee ee) 
3 

Reset Pulse Width, ty Law po pal pt 


e LIMITS 








500 10 


15 
7.5 
0.9 

2.75 
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92C5-23762R1 
CD4060A 
FUNCTIONAL DIAGRAM 





AMBIENT TEMPERATURE (Ty) = 25°C 
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ORAIN ~ TO - SOURCE VOLTAGE (vps) -V 
9205-210 


Fig. 1 — Typical n-channel drain characteristics. 


AMBIENT TEMPERATURE (Tg) * 25°C 
TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Vgg*-0.3%/*C 
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o 
ra 
& 


o 


wu 
g 
a 


lov 


ORAIN CURRENT (Ip)——ma 
x 
& 




















x 
& 





Sv 














° 25°53 750 10~CO2 SOS 
ORAIN - TO ~ SOURCE VOLTAGE (Vp5)-V 
9268-21512 


Fig. 2 - Minimum n-channel drain characteristics. 
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Fig. 3 — Typical p-channel drain characteristics. 
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STATIC ELECTRICAL CHARACTERISTICS 























Characteristic 


Quiescent Device 
Current 1j Max. 


3 
c 
3 
- 
2 
s 

| 

° 

6 


ea Ee 





Output Voltage: 
Low Level, 

Vo 
High Level 
VOH 
Noise Immunity: 
Inputs Low, 

VN 
Inputs High 
VNH 
Noise Margin: 
Inputs Low, 
VNML 
inputs High, 
VNMH 


0 Typ.; 0.05 Max. 
4.95 Min.; 5 Typ. 





| 5 | 
10 | 
15 | 
Ys | 0 Typ.; 0.05 Max. 
5 | 





elele is aye 


9.95 Min.; 10 Typ. 


| 10 | 
5 | 1.5 Min.; 2.25 Typ. 






3 Min.; 4.5 Typ. 






1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 











Pree Hee 1 


PROPAGATION DELAY TIME (fPLH, tPHL)— ne 






Output Drive 
Current: * 
n-Channel 
(Sink), 
IpN Min. 


p-Channel 
(Source), 
IpP Min. 
Input Leakage 
Current, 
Nt WH 









Any Input 
- |-— | 15 


* Data not applicable to Terminal 9 or 10 


OUTPUT BUFFER,STAGES 
4-10, 12-14 






OSCILLATOR 









to 9) 
to) ; Ql 
$y* [>o-+-90 INPUTS 
tO Lb ‘ x TO 2nd 
STAGE Vpn 
a 
TO ALL STAGES 
STAGE | 
@ R=HIGH DOMINATES (RESETS ALL STAGES) 
v 
® COUNTER ADVANCES ONE BINARY COUNT ss 
‘ON EACH NEGATIVE -GOING TRANSITION INPUT PROTECTION 
OF $71AND $0) secs-237esr1  (NPUTS 


Fig. 7 — Logic diagram af CD4060A oscillator, pulse shaper, and 1 of 14 counter stages. 
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AMBIENT GEMPERATURE (Tg) «25°C bul 


TYPICAL TEMP COEFFICIENT AT ALL, VALUES OF Vgg + -0.3%/°C 
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Fig. 4 — Minimum p-channel drain characteristics. 
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° 20 40 o 80 100 
LOAD CAPACITANCE (Ci)— pF 
9205-24698 
Fig. § — Typical propagation delay time vs. load 
capacitance (d, to Q4 output). 
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AMBIENT TEMPERATURE (Ta le 28°C 
TYPICAL TEMPERATURE COEFFICIENT 
AT ALU VALUES OF Vop*+ 0.3 %/*C 


“ C") 2 ~~«100 
LOAD CAPACITANCE (C_)— pF sae tle 


3 


























PROPAGATION DELAY TIME (Hpi tp, yy—n8 ] 





















































°| 


Fig. 6 ~ Typical propagation delay time vs. load 
capacitance (Q,, to Q,, 44). 



















































































































































































AMBIENT TEMPERATURE (Ty) = 25°C f 
i a 1 + 
2 soot HH t - 
1 tht 4 Seeearsgee, i 
5 acy + 
& Hh earn T | 
pi Hy: Ft) i ity 
3 TTA Les SSTERASLESHY 
y aBlihe ! SO La 
= t 1 10N 
2 4} i art 
z HTH LL “6 ATT 
5 Toy rath] 
3 ; + a ie 
pean cette ere 
i : 
eA + i 4 +4 
LEE BoOSIaESAeeae: 
20 4 60 80 
LOAD CAPACITANCE (C, ) — pF 
92cs- 24858 
Fig. 8— Typical output transition time vs. load 


capacitance. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t,, ty = 20 ns, 


TEST 


CHARACTERISTIC CONDITIONS 


CL = 15 pF, Ry = 200 kQ 


LIMITS 


D,F,KH 


E 


Packages 


Vpp 
RP | mine. ein |r. [en 


Input-Pulse Operation 

Propagation Delay 

Time, $, to Q4 Out; 
tPHL + PLH 

Propagation Delay 

Time, Q,, to Qn44: 
PHL: PLH 


Transition Time, 
tTHL: tTLH 


Min. Input-Pulse 
Width tw 


Input-Pulse Rise & Fall 
Time, try tig 


Max. Input-Pulse 
Frequency, to 


Input Capacitance, C; Any Input 


Reset Operation 
Propagation Delay 
Time, tpyL 


Minimum Reset 
Pulse Width, ty 


Yoo 
INPUTS OUTPUTS 
‘po “nn 
oe + 
° <= 
YN 


NOTE: 
TEST ANY ONE INPUT, 
Yss WITH OTHER INPUTS AT 
szes-27e00 YOO OR Vgs- 


Fig. 12 — Noise-immunity test circuit. 





Yoo NOTE: 

my, { 3) » MEASURE INPUTS 

° SEQUENTIALLY, 

Vss TO BOTH Vop AND Vgs- 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vpp OF Vss 


VSS gacs-2r402 


Fig. 13 — Input-leakage-current test circuit. 


CD4060A Types 





3 
: 
: 
: 
: 
i 
2 
7 
i 
Fi 





SUPPLY VOLTAGE (Vp9) — Vv 
wece-20086 


Fig. 9— Typical maximum-input-pulse frequency 
vs. supply voltage. 








[AMBIENT TEMPERATURE (Ty}e25°C 


ial 























POWER DISSIPATION/ PACKAGE {Pp)——,™ 





0 Lo) U 
INPUT FREQUENCY (19) — kha 


92CS- RON 
Fig. 10 — Typical dynamic power dissipation 
characteristics. 


Yoo 
Yoo 
TEST PERFORMED INPUTS 
WITH UNITINALL oc 
“O's” STATE AND vss 
ALL “I's STATE 
AND INPUTS AT 10 V 
AND GROUND 
Ves 


92C$- 27401 
Fig. 11~ Quiescent-device current test circuit. 
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CD4062A Types 
CMOS 200-Stage Dynamic Shift Register 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE TEMPERATURE RANGE (Teta) 2... ese ecee eee scene ee sree ress eee rere ees ~65 to +150°C 
OPERATING-TEMPERATURE RANGE (Py): 

PACKAGE TYPES K, T,H oo... cece cece eee cen e tenner een eet eeeeeete ene eeneeeee ~55 to +125°C 
DC SUPPLY-VOLTAGE RANGE, (Vpp) 

(Voltages referenced to Vgg Terminal) .......... 6s eee e eee e cece ere teeenen nee eetes -0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (Pp): 

For T, = -55 to +100°C (PACKAGE TYPES K, T) ....-...0seeeeeeeeeeseenees Sie ariseennese 500 mw 

For Ta, = +100 to +125°C (PACKAGE TYPES K, T) ......... Derate Linearly at 12 mW/°C to 200 mW 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


For T, = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . + 100 mW 















INPUT VOLTAGE RANGE, ALL INPUTS .........:ce cere cree eee ee rere cree een eees ~0.5 to Vpp +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10S MAX. .... 6. cee ee eee eens +265°C 
DATA 
2tei* STAGE | r STAGE 200 Sr caneat tS 
a me 





cw CL) 


* TRANSMISSION GATE 





“ALL INPUTS ARE PROTECTED 


aarti BY COS/MOS INPUT TO OUTPUT IS: 
= psorecron: ne lene (1A BIDIRECTIONAL LOW IMPEDANCE WHEN CONTROL INPUT 
Yoo Is "LOW" AND CONTROL INPUT 2 IS “HIGH” 


“TERMINAL NUMBERS IW 
PARENTHESES REFER TO 
12-LEAO TO-5 STYLE 
PACKAGE 


(bh) AN OPEN CIRCUIT WHEN CONTROL INPUT 11S “HIGH” AND 
CONTROL INPUT 2 IS “LOW™ 


CL {e}= INTERNAL CLOCK IN PHASE WITH CL} 
CL {b}= INTERNAL CLOCK IN PHASE WITH CL2 


92cM- 22695R2 


co4ac6za ite 
e PHASE 
Fig. 1 — CD4062A logic block diagram. 
{INPUT TO 
TERMINAL 1) 
or) 
cL 
wor > 2 
¢ 
2-puase O——> Voo + J t £20, 
CLOCK cm Yoo pes 


Oo > C2 
$5) Gre] 
cM fa 
cM 

1S 

ic) 


cLocK a 
em 
MODE T3im) BS: 
« 


Cu (b) 


cM 


Cu ib) 


1+ PHASE, 


roy > 
° d-> o< | 
CLOCK CL 
* 
PALL aupure ARE PROTECTEO <p 


BY C 
PROTECTION NETWORK 


Cito) 


Yep, [ee 
eee 





> tiie) 
o 
ry 
* TERMINAL NUMBERS IN mo Chip, 
PARENTHESES REFER TO 


12-LEAD TO-§ STYLE 
PACKAGE 


re mM 
[> 
vss GO cM 


CL fo) * INTERNAL CLOCK IN PHASE WITH CL, 
CL (b) = INTERNAL CLOCK IN PHASE WITH CL 











O 
£ t oy 1018) 


cu g2cm-22700R2 


Fig. 2 — Clock circuit logic diagram. 
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200 DYNAMIC 
STAGES 


CLOCK 
GENERATOR 


9208-24664 


CD4062A 
FUNCTIONAL DIAGRAM 





The RCA-CD4062A is a 200-stage dynamic 
shift register with provision for either single- 
or two-phase clack input signals. Single- 
phase-clocked operation is intended for low- 
power, low clock-line capacitance require- 
ments. Single-phase clocking is specified for 
medium-speed operation (< 1 MHz) at sup- 
ply voltages up to 10 volts. Clock input ca- 
pacitance is extremely low (<5 pF), and 
clock rise and fall times are non-critical. The 
clock-mode signal (CM) must be low for 
single-phase operation. 


Two-phase clock-input signals may be used 
for high-speed operation (up to 5 MHz) or to 
further reduce clock rise and fall time re- 
quirements at Jow speeds. Two-phase opera- 
tion is specified for supply voltages up to 15 
volts. Clock input capacitance is only 50 pF/ 
phase. The clock-mode signal (CM) must be 
high for two-phase operation. The single- 
phase-clock input has an internal pull-down 
device which is activated when CM is high 
and may be left unconnected in two-phase 
operation. 


The logic level present at the data input is 
transferred into the first stage and shifted 
one stage at each positive-going clock transi- 
tion for single-phase operation, and at the 
positive-going transition of CL4 for two-phase 
operation. 

The CD4062A-Series types are supplied in 
12-lead hermetic TO-5 packages (T suffix), 


16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 


Features: 


= Minimum shift rates over full tempera- 
ture range— 


Single-phase clock: 3 V < Vopp < 10 V; 
fin = 10 kHz; -85° C< Ta < +128° C 
(fmin = 1 KHz up to Ta < 75°C) 
Two-phase clock: 3 V < Vpp < 15 V; 
fmin = 10 kHz; 55°C < Ta <4125°C 
(fmin = 1 kHz up to Ta < 75°C) 

















CD4062A Types 


RECOMMENDED OPERATING CONDITIONS at T, = 25° C, Except as Noted. Features (Cont'd): 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 










= Low power dissipation 
0.3 mW/bit at 1 MHz and 10 V 
0.04 mW/bit at 0.5 MHz and 5V 
(alternating 1-0 data pattern) 

= Data output TTL-DTL compatible 

® Recirculating capability 

® Delayed two-phase clock outputs availa- 
ble for cascading registers 

© Asynchronous ripple-type presettable to 
all 1’s or 0's 

® Ultra-low-power-dissipation standby oper- 
ation 

@ Quiescent current specified to 15 V 

® Maximum input leakage current of 1 pA 
at 15 V (full package-temperature range) 

= 1-V noise margin (full package-tempera- 
ture range) 


CHARACTERISTIC [ umits | 


Supply-Voltage Range (For Ta = Full 
Package-Temperature Range): 

Single-Phase Clock 

Two-Phase Clock 


Clock ae Frequency, Lae 
L" 







Clock ial Width, ty” 
Clock Rise or Fall Times, 
t,CL or txCL” 

Data Hold Time, tyy* 


* For single-phase clock, 50% duty cycle ‘ a 





(enrages 23 Applications: 
Two-Phase Clock ti LL); Clock Mode (CM) = High; Vv 5 V. See Figure 4. r 
wo-Phase Clock Operation (CL, CL); Cloc' igh; Db igu a Sasted ahitcoagieiais 
®@ Time-delay circuits 
CHARACTERISTIC a CAT refiashineroony 
®@ Long serial memory 





Maximum Clock Input Frequency, fcL 





Minimum Clock Input Frequency, fCL 


rr coer aes | 
Clock Overlap Time seu 50% ! 








X=DATA $B a4 TIME 

HIGH TO 

Y=DATA HOLD. TIME 

Z2OATA SET-UP TIME 
LOW TO HIGH 





Average Input Capacitance, C, 
CLy, Clo 


925-22 702K 


Fig. 3 — Timing diagram—single phase clock. 
Propagation Delays; tpy4_. tPLH 
CL,toQ 





CLy to Clip 
CLy to Clan 


Minimum Data Setup Time 


Scr, / 





Minimum Data Hold Time 


‘Hcl, 





Clock Rise and Fall Times tpCLy, CLo No Restrictions !f 


Clock Overlap Require- 
teCL 4, Clo ment Is Met 


92CS- 28703 





Fig. 4 - Timing diagram—two-phase clock. 
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CD4062A Types 


STATIC ELECTRICAL CHARACTERISTICS 





AMBIENT TEMPERATURE (Tale25°C 
TYPICAL A TEMPCRATUNE COETEICIENY Is -O.3%s5C 































































































LIMITS AT [ater i 
bates SOMETFONS [ater : 
ARACTERISTICS ry : 
ye neo) os | ne : | 
(v) | vy] tv) LIMIT é yl Ese aafe-To stint VOLTAGE 
Quiescent Device sr ov t 
Current, 1, Max. ; aot = 
CM=High, CLy=High 
CLo=Low ° $ 0 1s 
DRAIN~ (O-SOURCE VOLTAGE {Vpg}—v 


Output Voltage: 
0 Typ.; 0.05 Max Fig. 5— Typical n-channel drain characterstics for 
0 Typ.; 0.05 Max Q output. 

High Leve! 4.95 Min.; 5 Typ. 
Vou 9.95 Min.; 10 Typ. 


Noise Immunity: 
Inputs Low, 


Vat 
Inputs High 1.5 Min.; 2.25 Typ. 
VNH 3 Min.; 4.5 Typ. 


DRAIN-TO~SOURCE VOLTS (Vpg? 


1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 


ic) 
i} 
ra 
i 
3 
a2 
a 
5 
5 
& 


Noise Margin: 
Inputs Low, 


VNML 





TYPICAL Lan atta ce ceer 
FOR ALL VALUES OF Vop 


Fig. 6— Typical p-channel drain characteristics for 
Q output. 


Inputs High, 
VNMH 
Output Drive 
Current: 
N-Channel 
(Sink), 





TRANSITION TIME (ita. tT EH)—Ae 








P-Channel 
(Source): 


LOAD CAPACITANCE (CL) - pF o2cs-24ees 
NOTE. tT1q FOR Q OUTPUT IS SIGNIFICANTLY LESS THAN I7L4 


InP Min. f25| - | R Fig. 7-- Typical transition time vs. 
Cy for data outputs, 


AMBIENT TEMPERATURE (Tq) 25°C Serr 
TYPICAL Niger Goan FOR 
soo Abt VALUES OF vo\ 


Input Leakage Any Input 
Current, 


Nee 
























* Maximum power dissipation rating < 200 mw. 














TRANSITION TIME Uru, a? TLH)=AS 



































pity 
0 20 36 40 50 6G 70 G0 90100 
LOAD CAPACITANCE {C.}- pF aece-19rs0 


Fig. 8— Typical transition time vs. C, for 
delayed clock output. 
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CD4062A Types 


AMBIENT TEMPERATURE (Ta)= 25°C. 

TYPICAL TEMPERATURE COEFFICIENT 
AT ALL VALUES OF Vpp*0.3%/*C. 
LOAD CAPACITANCE (C_)* 1S pF 
SINGLE - PHASE CLOCK 













DYNAMIC CHARACTERISTICS AT Ta = 25°C, Vgg = 0 V, Cy = 50 pF, Input tr, t¢ = 20 ns, 
except t-CL and t¢CL 


Single-Phase-Clock Operation; Clock Mode (CM) * Low: 3 V < Vpp < 10 V (See Figure 3) 


on 











CHARACTERISTIC 





POWER DISSIPATION PACKAGE (Pp}— m 








Minimum Clock Input Frequency, fCL 
(50% Duty Cycle) CLOCK FREQUENCY (tol) —He 


92CS- 20666 


Clock Rise and Fall Times** Fig. 9— Typical power dissipation vs. frequency. 
g: 


t CL, te¢CL 


Average Input Capacitance, C4 


Propagation Delays : 
CLtod 
CLtoClyph = (Positive Going) 



































MINIMUM SHIFT FREQUENCY —He 


Clip 




















CL to CLap (Positive Going) 5 Lo : 
-75 “2 -28 ° 23 50 7S 100. 125 
AMBIENT TEMPERATURE (Ta)— *C 


Clap a See Fig. 10— Minimum shift frequency vs. ambient 


CL to CL yp (Negative Going) temperature. 


co CN 
Cap 


CL to CLap (Negative Going) 


Paes 
CLop \ 


Transition Time: tron tTHL 


Yoo 


INPUTS 





923-2740) 


ve 
Q Output Ss 
- Fig. 11— Quiescent-device-current 
CL yp. CLap test circuit. 
Yoo 
Data Set-Up Time wort 







ts 
3.5V OR 7V-0 
1S OR3V -0 


“pata Hold Time 


t 
Hot 


i>) Ves => 


** If more than one unit is cascaded in single-phase parallel clocked application, tpCL should be made less than Fig. 12— Noise-immunity test 
or equal to the sum of the propagation delay at 15 pF, and the transition time of the output driving stage. 





(See Figs. 5 and 7 for cascading options.) circuit, 
& Use of delayed clock permits high-speed logic to precede CD4062A register (see cascade register operation). Yoo 
Yoo INPUTS 
Yoo. wOTE 
MEASURE INPUTS 
> SEQUENTIALLY, 
Vss TO BOTH Vpp AND Vgs5 


CONNECT ALL UNUSED 
WPUTS TO EITHER 


Yoo OR Vg¢ 


“2 
REC 92C5- 27002 





cle Fig. 13—Input-leakage-current 


g2cs-22695 test circuit. 


Clep 


CD4062AT 
TERMINAL OIAGRAM 
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CD4066A Types 


CMOS Quad Bilateral Switch 


For Transmission or Multiplexing of Analog or Digital Signals 


RCA CD4066A is a quad bilateral switch 
intended for the transmission or multiplex- 
ing of analog or digital signals. It is pin-for- 
pin compatible with RCA-CD4016, but ex- 
hibits a much lower ON resistance. In addi- 
tion, the ON resistance is relatively constant 
over the full input-signal range. 


The CD4066A consists of four independent 
bilateral switches. A single control signal is 
required per switch. Both the p and the n 
device in a given switch are biased ON or 
OFF simultaneously by the contral signal. As 
shown in Fig. 1, the well of the n-channel 
device on each switch is either tied to the 
input when the switch is ON or to Vgg when 
the switch is OFF. This configuration eltimi- 
nates the variation of the switch-transistor 
threshold voltage with input signal, and thus 
keeps the ON resistance low over the full 
operating-signal range. 


The advantages over single-channel switches 
include peak input-signal voltage swings 
equal to the full supply voltage, and more 
constant ON impedance over the input- 
signal range. For sample-and-hold applica- 
tions, however, the CD4016 is recommended. 


These types are supplied in 14-lead hermetic 
dual-in-line ceramic packages (D and ‘F” 
suffixes), 14-lead dual-in-line plastic pack- 
age (E suffix), 14-lead ceramic flat package 
{K suffix), and in chip form (H suffix). 


SPECIAL CONSIDERATIONS — CD4066A 


1. In applications where separate power 
sources are used to drive Vpp and the 
signal inputs, the Vpp current capability 
should exceed Vpp/R (Ry, = effective 
external load of the 4 CD4066A bilateral 
switches). This provision avoids any 
permanent current flow or clamp action 
on the Vpp supply when power is applied 
or removed from CD4066A. 


2. In certain applications, the external load- 
resistor current may include both Vop 
and signal-line components. To avoid 
drawing Vpp current when switch cur- 
rent flows into terminals 1, 4, 8, or 11, 
the voltage drop across the bidirectional 
switch must not exceed 0.8 volt (calcu- 
tated from Row values shown). 


No Vpp current will flow through Ry 
if the switch current flows into terminals 
2, 3, 9, or 10. 

3. Minimum bilateral switch output load 
resistance is 100 Q. 


Features: 

® 15-V digital or + 7.5-V peak-to-peak switching 

®™ 802) typical ON resistance for 15-V operation 

= Switch ON resistance matched to within 5 {2 over 15-V 
signal-input range 

| ON resistance flat over full peak-to-peak 
signal range 

® High ON/OFF output-voltage ratio: 65 dB 
typ. @ fig = 10 kHz, Ry = 10k 

= High degree of linearity: < 0.5% distor- 
tion typ. @ fj, = 7 kHz, Vj, =5 Vp-p 
Vop—Vgs> 10 V, Ry = 10 k2 

@ Extremely low OFF switch leakage result- 
ing in very low offset current and high 
effective OFF resistance: 10 pA typ. @ 
Vpp-Vss = 10 V, Ta = 25°C 

@ Extremely high control input impedance 
(control circuit isolated from signal 
circuit): 1072 Q typ. 

= Low crosstalk between switches: -50 dB 
typ. @ fj, = 0.9 MHz, Ry = 1kQ 

® Matched control-input to signal-output 
capacitance: Reduces output signal 


9208-24627 


CD4066A 
FUNCTIONAL DIAGRAM 





SWITCH 


CONTROL 








CONTROL 


SIGNAL-LEVEL RANGE: 
vss SVig SV 
NORMAL OPERATION Sey DO 
CONTROL-LINE, BIASING 
SWITCH ON,Vc"l"= Yop 
SWITCH OFF, Vo "0" *Vgs, 


: Yoo 
‘Transients ; * ALL CONTROL INPUTS 
= Frequency response, switch ON = 40 MHz ARE PROTECTED BY 
(typ.) CMOS PROTECTION 


NETWORK 
92CS-21628R2 


= Quiescent current specified to 15-V 
® Maximum control input leakage current 
of 147A at 15-V (Full package- Vss 
temperature range) Fig. 1 — Scnematic diagram of 1 of 4 identical 
switches and its associated control circuitry. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


STORAGE TEMPERATURE RANGE (T stg) bt erlelsai nd egg eed MEL oe ade Boeedl Esky Seal Ss -65 to +125°C 
OPERATING TEMPERATURE RANGE (T,): 

PACKAGE: TYPES Dj Fi; Ald enced ies Hed es eg, Ce eo LATE Salada aa 8 -65 to +125°C 

PACKAGE TYRE: 6 8 anced lags ty gate did) Goes Pedic Gea Gis ML Rintrace aga gk Ngee aLs -40 to +85°C 
OC SUPPLY VOLTAGE RANGE, Vop 

(Voltages referenced to Vss} Edo Arrardh hoes ace Meahak area tae nes ade Leah ep ant dew ca cm Peas ~0.5 to +15 V 
INPUT CURRENT (TRANSMISSION GATE INCL)... 2.0 ee eee eee 410 mA 
POWER DISSIPATION PER PACKAGE: 

FOR Ty, = ~40 to +60°C (PACKAGE TYPE E) 2... ee 500 mW 

FOR Ta = +60 to +85°C (PACKAGE TYPE €&) Derate Linearly at 12 mW/°C ...... 200 mw 

FOR T, = -55 to +100°C (PACKAGE TYPES D,F,K) «02.202... eee eee 500 mW 

FOR Ta = +100 to +125°C (PACKAGE TYPES D, F, K) Derate Linearly at 12 mwW/°C.. . 200 mW 
DEVICE DISSIPATION PER SECTION: 

FOR T, =FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES)... ... 100 mw 
ALL SIGNAL AND DIGITAL CONTROL INPUTS... ......0.0...0.0.000 0008 Vss = vy =Vop 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 * 1/32 inch (1.59 + 0.79 mm) from case for 105 max. 2... 2. ee +265°C 


OPERATING CONDITIONS AT Ta, = 25°C 
For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges. 





Supply Voltage Range 


(T, = Full Package Tempera- 
ture Range} 
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Applications: 350] AMBIENT TEMPERATURE 
® Analog signal switching/multiplexing ® Transmission-gate logic implementation Pe ee 
Signal gating Modulator ® Analog-to-digital & digital-to-analog con- f Ne cvettey 
Squelch control Oemodulator version € P89 . 
. . soe . y 
Chopper Commutating switch & Digital control of frequency, impedance, 2 200 
® Digital signal switching/Multiplexing phase, and analog-signal gain a so H 
aa 
ry 
tf 
ELECTRICAL CHARACTERISTICS 5 od OV) 
1: rd 4 5 VI 
i Test 7 LIMITS : 4 
CONDITIONS Values at -55°C, +25°C, +128°C Apply to Fa 
All Voltage Values D, F, K, H Packages J cH 
; Values at -40°C, +25°C, +85°C Apply to E a Gas Sins ee ae 
CHARACTERISTIC Are in Volts Package {ents SIGNAL VOLTAGE (Waa) OLS gacs-2399 
+- 
es 55° | -ao° | +a5° | +125° Fig. 2 (a) — Typical channel ON resistance vs. signal 
+ v! | valtage for three values of supply volt- 
Quiescent Device Current, (, max. = — — = 8 A | ae op- Yss!- 
ye ee el i 
15 2 350 suPPLY VOLTAGE | AMBIENT TEMPERATURE, 
[os | - fas fois | - | Zn litoonves! 3 ralniehec 
E Pkg. 10 - 5 30 = uA i 
15 - | 50 500 = | $ esol 
SIGNAL INPUTS (V,,) AND OUTPUTS (Vg) 4 eee 
on es < = = z 200r} 
Vo 3 
v Vss | Vis #19 ares 
DD : 35°C 
Rp = 10k2° 7 100] 
220 | 250 | 300 | 320 80 | 280 g 
-7,5to z 
a 50) 
BO 
“-. -6 “4 ; “2 Cy 2 4 6 8 
ON Resistance, Ron Max. 2 SIGNAL VOLTAGE (V,g) — VOLTS 
92cs$ - 23914 
Fig. 2 (b} — Typical channel ON resistance vs. signal 








voltage with supply voltage (Vpp— 
Vso =5YV. 


SUPPLY VOLTAGE (Vpp-Vgg)*!0V 














» 
3 
£3 








3 


ON Resistance Between 
Any 2 of 4 Switches, 


4 Row 


AMBIENT TEMPERATURE (Ta)» 125°C 




















3 2 

oS i} 
is 

iS 

3 
lersaase 














8 








CHANNEL ON RESISTANCE (Roy) — OHMS 















































ati] 





“8 -6 -4 -2 0 Fd 4 6 @ 


Sine Wave Response SIGNAL VOLTAGE (V,,) — VOLTS 






























(Distortion) % 92cs-23915 
— | Fig. 2 (c) — Typical channel ON resistance vs. signal 
IP voltage with supply voltage (Vp Do 
Frequency Response Vgs) =10V. 
Switch ON ¥ 7 MHz 
(Sine-Wave tnput) 20 logyg—* = -38 350) Tete 
Vis SUPPLY VOLTAGE (Vpg-Vsg) "IS v TOI Ts LL: 
31 
+5 -5 |[-5pp 1 50) Ty sesys' re 
Ry = 1k2 HY tHe 


n 
e 
2 











Feedthrough-Switch OFF 




















v 
20 logyg 5 = -8008 


T a 


VelAleVpp7*5 


» 
° 




















it 
AMBIENT TEMPE RATURE| 
Ta) 125°C 
















input or Output Leakage — 
Switch OFF (Effective 
OFF Resistance} 
































3 
° 




















rs 
9 
i 
x 
e 
td 


=os 

CHANNEL ON RESISTANCE (Roy) — OHMS 
a 
° 



























































=! = “8 -€ -4 -2 ° 2 ry 
Crosstalk VclB)“Veg= -6 SIGNAL VOLTAGE (V;.,) svi 
Between Any 2 of the 4 Ry = tka = aie ; : ; secs- 28016 
Switches (f at —50 dB) Vog(B1 Fig. 2 (d) — Typical channel ON resistance vs. signal 
20 S107 ; =-5Odi voltage with supply voltage { Voo- 
is 


Vag! = 15 V. 
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CD4066A Types 


ELECTRICAL CHARACTERISTICS (Cont'd) 














TEST 7 Limits 
Values at -55°C, +25°C, +125°C Apply to 
Bie ae : D, F. K, H Packages 
: Values at -40°C, +25°C, +85°C Apply to E 
CHARACTERISTIC Are in Volts Package UNITS 
T 
| Vv 
iy | -88° | -40° | a5? | 125° 
L : : 
y Ye= Yoo ir 
DD } Vgg = GND os c: ne S 
Propagation Delay (Signal = C, = 15pF 
Input to Signal Output) {. 





Vig = sq. wave 





ns 



































=10 
Crosstalk Vg = 10 
Contra! Input to 
Signal Output (sq. wave) 
fre Me | Ry =300k2 
Propagation Delay, tac = 20ns Vis <10 









Vp" 10, Vgg=GNO 
Ry = 1k, C= 15pF 
Vc = 10 (sq. wave) 


Maximum Allowable Controt 
Input Repetition Rate 

















[av input Capacitance, Cc, 


t 
pd ty, tp = 20 ns = - - - 
L input Signal) al L | 
Capacitance: 
Input, C; = a sa a 
wet te L i 
utput, Cog OD S [ = ve 24 = | pF 
Feedthrough, C.. Voo™ ¥sg > -5 = = ] = a 
CONTROL (V>) 
I TWrigeu T 1 
: - is ~ “OD 
seed Iromunity, Vi Ig = 10uA 2 2 2 2 = Vv 
wn, 
Yop ~ Vss = 10 L _| 
' Leakage C: ' Vis : “oo 
nput Leakage Current, e = 
hax. iL Vop Vgg = 18 11 uA 












ns 





- MHz 

















* Limit determined by minimum feasible leakage measurement for automatic testing. 


A Symmetrical about 0 volts. 










c 
i. MEASURED ON BOONTON 
I. care -dr Ct oe I CAPACITANCE eRiDGe. 
Vor -5V Vop++5v | MODEL 758 (iMHz 
is BO**SV | TEST FIXTURE CAPACITANCE 
{ } NULLED ouT 
! cO4066A | 
O--- tor 4 -—O 
1 SWITCHES fl 
I t 
Cj. ok ke, 
sale ah 
92CS-23918 


Fig. 6 — Capacitance test circuit. 






CO40664 
1OF 4 
SWITCHES 





ALL UNUSED INPUTS ARE CONNECTED TO Vss. 


92c5-23920RK 


Fig. 8 — Propagation delay time signal input (V;.} 
to signal output (Vq,). 


* For all test conditions. 


Yo*Vss Yoo 






CD4066A 
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Fig. 7 — OFF switch input or output leakage. 
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Fig. 9 — Crosstalk-control input to signal output. 


92cs- 23921 






Ve "Yoo Yoo 
Yoo Oo 
teete=2Ons s 
cDa0s6a 
Vis 10F 4 


SWITCHES 





3000 


ALL UNUSED TERMINALS ARE CONNECTED TO. Vss 


92cS-23922RI 


Fig. 11 — Propagation delay pin. tex control- 


Signal output. 
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Fig. 3 — Channel ON resistance measurement circuit. 
[~ STSUPPLY VOLTAGE: Vog*5V [{ LOAD RESISTANCE] 
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928-2397 
Fig. 4— Typical ON characteristics for 1 of 4 
channels. 
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Fig. 5 — Power dissipation per package vs. switching 
frequency. 
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Fig. 10 - Maximum allowable control input repeti- 
tion rate. 
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Fig. 12 — Input leakage current test circuit, 
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CA3300 Types 


CMOS Video Speed 6-Bit Flash 


Analog-to-Digital Converter 


For Use in Low-Power Consumption, High-Speed 


Digitization Applications 

Features: 

a CMOS Iow power with speed 

s Parallel conversion technique 

« 15-MHz sampling rate (66-ns conversion time) 
ws 6-bit latched 3-state output with overtiow bit 

@ +’ LSB accuracy 

2 Single supply voltage (3 to 10 V) 

@ 2 units in series allow 7-bit output 

@ 2 units in parallel allow 30-MHz sampling rate 
s Internal Vaer with ext Vaer option 

« Available with EVP processing for improved reliability 


The RCA-CA3300 types are CMOS 50-mW parailel (FLASH) 
analog-to-digital converters designed for applications 
demanding both low-power consumption and high-speed 
digitization. 

The CA3300 types operate over a wide full-scale input- 
voltage range of 2.4 volts up to the dc supply voltage with 
maximum power consumption as low as 50 to 200 mW, 
depending upon the clock frequency selected. When 
operated from a 5-volt supply at a clock frequency of 11 
MHz, the power consumption of the CA3300 is less than 50 
mW. When operated from an 8-volt supply at a frequency of 
15 MHz, the power consumption is Jess than 150 mW. 


The intrinsic high conversion rate makes the CA3300 types 
ideally suited for digitizing high-speed signals. The overflow 
bit makes possible the connection of two or more CA3300’s 
in series to increase the resolution of the conversion 
system. A series connection of two CA3300's may be used 
to produce a 7-bit high-speed converter. Operation of two 
CA3300's in parallel doubles the conversion speed (i.e., 
increases the sampling rate from 15 to 30 MHz). CA3300's in 
parallel may be combined with a high-speed 6-bit D/A 
converter, a binary adder, control logic, and an op amp to 
form a very-high-speed A/D converter. 


Sixty-four paralleled auto-balanced voltage comparators 
measure the input voltage with respect to a known reference 
to produce the parallel-bit outputs in the CA3300. Sixty- 
three comparators are required to quantize all input voltage 
levels in this 6-bit converter, and the additional comparator 
is required for the overflow bit. 


The CA3300 types are available as follows: Types CA3300D 
and CA3300DxX in an 18-lead dual-in-line ceramic package 
(D suffix), types CA3300E and CA3300CE in an 18-lead 
duatl-in-line plastic package (E suffix), or in chip form (H 
suffix). The CA3300DX offers the additional advantage of 
improved reliability as a result of EVP (Extra Value Program) 
processing. For further information on EVP, see RCA 
publication EVP-300B or contact your RCA representative. 


18-Lead Dual-in-Line 
Plastic Package 
E Suffix 


H-1899 


18-Lead Dual-In-Line 
Side-Brazed 


Ceramic Package H-1910 





Applications: 

= The CA3300 types are especially suited for high- 
Speed conversion applications where low power 
és also important 

a TV video digitizing (industrial/security) 

@ High-speed A/D conversion 

® Ultrasound signature analysis 

® Transient signal analysis 

® High-energy physics research 

= High-speed oscilloscope storage/display 

8 General-purpose hybrid ADC’s 

a Optical character recognition 

= Radar pulse analysis 

® Motion signature analysis 


TOP VIEW 
(MSB) B6 \ BS 
OVERFLOW 2 B4 
Vsgs 3 REF. CENTER 
Vz 4 B3 
cE2 5 82 
cel 6 81 (LSB) 
CLK 7 Voo 
PHASE 8 Vin 
REF + 9 REF- 
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3~ STATE 


OVER- 
FLOW 


COMPARATOR 18 | B5 
LATCHES 
AND 
ENCODER 
LOGIC 





REF 
CENTER 





REF 


cto _ 
@> (SAMPLE UNKNOWN) Ss . | s | ai 
puase| e | @,(AUTO BALANCE) : 
68 NOMINAL p ° 
ZENER 
[>] Yss S92CL- 34243 


DIODE Yss 
Fig. 1 - Block diagram for the CA3300. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY VOLTAGE RANGE (Vppo) 


(VOLTAGE REFERENCED TO Vss TERMINAL)... 20.06 ccc cece eee cere cee teen ett e nee eet e eee ee sete e een neeeetes -0.5 to 10V 
(NPUT VOLTAGE RANGE 

ALL INPUTS EXCEPT ZENER (PIN 4)..... 2.0... ccc cece cece nsec ect e neue eet eee recta sete nese eters ess eeeeeneies -0.5 to Voo +0.5 V 
OC INPUT CURRENT 

CUKS PH, CEI ZCE2 Vin. Sits cctieaatiiertedseaeaneds added obede dg hata abi ate adhe date ste tabaodeaneues ie aed ates 6 +10mA 
POWER DISSIPATION PER PACKAGE (Pp) 

FOR Tig. S55 to 458? Co eco ccc ae Ma aiore Sere symredial ow h dips WW auaka eed aye eee ata’a 6 do arehncd 6 alaie SheSaidla via -o1a ie Wieck eis! d,aS Oa a,dielp 988 4S ole Sale alge Visi’ 315 mW 

FOR Tas? 488° C20 F125 ° Co ice sui eset trey dane claw ass h a aintlad aye o 6 Siete pious tie, «bie aa asa laterals wees ea aed ayase eine Derate linearly at 3.3 mW/°C 
TEMPERATURE RANGE 

OPERATING (CA3300DX, Refer to Fig. 3) 2.0... ccc cece cece te eet eee etre recente e eee e tee teen eee eteeeeee -55 to +125°C 

OPERATING (CA3300D, E, CE)... cc ccc cts er cc cee cee cane set ecace tne e ccc c essences esse sete eases essen ianeencerees -40 to +85°C 

STORAGE) ssc s,5 ieee iecieeesig esd « Lye tia wrevang ececdea- ety, bseGidyalale,syetateck ake asaia selina orale, be itches eowerelee we Mine aioe. Wats beawe Sigeiete.sjsmie eae S -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10S Max. 2.6... .. cece cee ee ee etree t renee neste eeeeeteens +265°C 
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ELECTRICAL CHARACTERISTICS 


LIMITS 
CHARACTERISTIC TEST CONDITIONS @ 25°C CA3300D, DX, E UNITS 
| MIN. [| TYP. [| MAX. | 


Linearity Error Vpp=8 V, Vaer=7.68 V 
CLK=15 MHz, gain adjusted 


Differential Linearity Error Voo=8 V, Vaer=7.68 V 


CLK=15 MHz 
Quantizing Error 


Analog Input: Voo=8 V 
Full Scale Range CLK=15 MHz 
Input Capacitance 
Input Current 


Gain Temperature Coefficient Voo=8 V, CLK=15 MHz 


Maximum Conversion Speed Voo=5 V 
Vpo=8 Vv 


Device Current Voo=5 V (CLK=11 MHz) 
(Excludes lrer, !z) Vpo=8 V (CLK=15 MHz) 
Vov=5 V (Auto Balance State) 
Voo=8 V (Auto Balance State) 
[Ladderimpedance| 
Digital Inputs: 
Low Voltage 


High Voitage 


input Current 

Digita! Outputs: 
Output Low Vo0=5 V, Vo=0.4 V 
(Sink) Current Voo=8 V, Vo=0.5 V 
Output High Vop=5 V, Vo=4.6 V 
(Source) Current Vop=8 V, Vo=7.5 V 

Zener Voltage 

Zener Dynamic tmpedance 

Zener Temperature Coefficient 


Digital Output Delay, ta 
Aperture Time Vop=8 V 





































































































EOTCONOITIONS ; ~ i TAREA OVER CURVE | 
TEMP. = 25°C REPRESENTS REGION 
“ARE h gene CUnmENT® 3 ware 
Sof-~ TT? tT yy rot © 100) a 
Fd 1 
4 iy | | < 100 kHz 
a 40} 4} 4} tt ac MHz 
r 
2 i at 5 is Coca arene 10 MHz —] 
il < AREA UNDER CURVE REPRESENTS 
2 sO ta AMBIENT OPERATING REGION Syne 
& 5 50} }- 
Pp 
2 " 
20) ra t 
5 z | / 
& a 
® 10) = 2 
Yop" § VOLTS 
ie} iu 
2 a 6 a 2 . 68 rr A = 7" $ L 10 
1 , 
~(VO! 
CLOCK FREQUENCYkHz SUPPLY VOLTAGE: Nobo YOLTS)® Sacsvaanad 
92CS - 34241 
Fig. 2 - Typical current drain versus sampling rate Fig. 3 - Maximum ambient temperature versus supply voltage. 
as a function of supply voitage. (Above curve includes ladder dissipation but not the 


zener dissipation.) 
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LIMITS 
CHARACTERISTIC [_—easaooce 
[MN TvP. [Wax] 


ELECTRICAL CHARACTERISTICS 













UNITS 





TEST CONDITIONS @ 25°C 
















































ae cee eas Pee eT ee (ae 
peer | ehecowmergameauses | — | 208 | 308 | 
CLK=9 MHz, gain adjusted 
+0.5 Ns 
Quantizing Error ee a (is OS EG lie te 
Analog Input: Vop=8 V 
Voo+0.5 Vv 
Input Capacitance =- pF 
input Current 1000 HA 
Maximum Conversion Speed Vop=5 V | SPs | 
Device Current Vop=5 V (CLK=7 MHz) 4 - 
mA 
Vpo=5 V (Auto Balance State) 6.4 16 
Voo=8 V (Auto Balance State) BRA 
7000 [1400 [7e00 [a 


Differential Linearity Error Voo=8 V, Vrer=7.68 V +08 LSB 
CLK=9 MHz 
Full Scale Range CLK=9 MHz 
Gain Temperature Coefficient Voo=8 V, CLK=9 MHz ; ~— | oo | — | LSBrC 
(Excludes Irer, lz) Voo=8 V (CLK=9 MHz) 







Ladder Impedance 
Digital Inputs: 
Low Voltage 





High Voltage 










Input Current 
Digital Outputs: 




















Output Low Vop=5 V, Vo=0.4 V 
(Sink) Current Vo0=8 V, Vo=60.5 V 
Output High Voo=5 V, Vo=4.6 V 


(Source) Current 
Zener Voltage 
Zener Dynamic Impedance 
Zener Temperature Coefficient 
Digital Output Delay, ty 


Aperture Time 


Voo=8 V, Vo=7.5 V 
1z2=10 mA 
12=10 mA 
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9208-34239 SAMPLE RATE —MSPS seen east 
Fig. 4 - Typical maximum sample rate versus Supply voltage. Fig. 5 - Typical offset error versus sample rate as a function 


of supply voltage. (See literature for offset trim.) 
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PHASE COMPARATOR DATA 
o | CRIN 8) (§ LATCHED 

DATA IS SHIFTED 
INTO OUTPUT REGISTERS 

! g2 

CLOCK SAMPLE AUTO SAMPLE AUTO SAMPLE AuTO 
9 (PINT) i BALANCE 2 BALANCE 3 BALANCE 
\ 

> 
As 868 OATA VALID DATA VALID DATA VALID 
o ' 2 

° 
ne a 

PHASE 

(PIN 8) DATA IS SHIFTED 
° INTO OUTPUT REGISTERS 

COMPARATOR DATA 
gi 1S LATCHED 

| 

CLOCK AUTO AUTO SAMPLE 
9 (PINT) |\ BALANCE BALANCE 3 

\ 
| 

1 

81-86 8 

OF DATA VALID 
) 

920M ~-34866 
(a) 
COMPARATOR 
COMPARATOR DATA bata 15 SHIFTED Sava 1S CATCHED-\ COATA.!S SHIFTED 
IS LATCHED TO OUTPUT REGISTERS TO OUTPUT REGISTERS 








SAMPLE 


2 
7 PULSE - MODE OPERATION EuOgEs 
WITH @ 2 AS STANOBY STATE 

AND PHASE CONTROL (PIN 8) LOW 
(FASTEST METHOD) 


PULSE- MODE OPERATION 
WITH $1 AS STANDBY STATE 
AND PHASE CONTROL (PIN 8) HIGH 


{INDEFINITE STANDBY STATE) 


OUTPUT OLD DATA NEW DATA 





OUTPUT OLD DATA NEW DATA 


92CS-35144 92CS- 35112 


(b) (ce) 


Fig. 6 - Timing diagrams for the CA3300. 

























































































































































































































































































































































































CONDITIONS r| CONDITIONS: | | T T T T 
Vrer* Yop LH Vin © VreF * Yoo j f 
« TEMP. = 25°C TEME: ©2876 +. t- | J 
4 wires t f 
i { A | { | i} z| 
“Z 1000} L. “ va ae 4 
a ic 4 1 * Meili sere clea 
5 OTS Zg00-— 7 - + +> + 
é Yop" NS wie revo 2 ef | 
REQ Yoo sw § 
3 obttaehe peor # 600 1 ay 1 
i= gs ‘ 
§ -200] + = 400 eal es 
2 i T 
3 é /\\ 
= o] 
8-000} * 200}-—-—} - A “io 
Fa cy 
$ Tt a 
8 2 3 4 +5 6 7 6 9 28 8 8 2 4 68 2 4 6 8 
fy 
INPUT VOLTAGE (vr)—VOLTS 0.1 | 10 100 
9208-34230 SAMPLE RATE—MSPS 
92CS-34228 
Fig. 7 - Typical input current versus input voltage Fig. 8 - Typical input current versus sample rate 
as a function of supply voltage. as a function of supply voltage. 


ve el 


624 

















; aes ceaeens: Ger rert fee . 
CONDITIONS: Voo * 5 VOLTS 












































































3| VREF* Yo || 
TEMP.» 25°C 
ERROR = ACTUAL- THEORETICAL 

a 2 
tA 
a 
14 
e 
oO 
4 
Bo it 
2 
& 
a 71 
a 
3 
a 2 THT tT 
z 

3 t aes 
ees Eee ees Hee Ga Re 

2 4 68 2 4 68 2 4 68 
oH) | lo 100 


SAMPLE RATE MSPS 9205-34231 
Fig. 9 - Typical gain error versus sample rate as a function 
of supply voltage. (See literature for gain trim.) 
+ 





CONDITIONS, T] 
VREF* Yop 
TEMP. = 25°C +}. 
LINEARITY» BEST LINE 


14 1S a A 








is Gone Gee (a Ge 
| 
Vpp* 5 VOLTS 


| i Vpo = 3 VOLTS Vpp*8 VOLTS 
{+4 =I 4 a4 HF 
; 


| fj u +4 {1 
| 








° 
w 





{-] 
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Fig. 10 - Typical linearity versus sample rate as a 
function of supply voltage. 
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92CS-34233 
Fig, 11 - Typical linearity versus reference voltage 
as a function of supply voltage. 


Device Operation 


A sequential parallel technique is used by the CA3300 
converter to obtain its high-speed operation. The sequence 
consists of the “Auto Balance” phase $1 and the “Sample 
Unknown” phase @2. (Refer to the circuit diagram.) Each 
conversion takes one clock cycle.* With the phase control 
(pin 8) low, the “Auto Balance” (@1) occurs during the High 
period of the clock cycle, and the “Sample Unknown” (¢2) 
occurs during the low period of the clock cycle. 


During the Auto Balance” phase, a transmission switch is 
used to connect each of 64 commutating capacitors to their 





This device requires only a single phase clock. The terminology of 
¢1 and $2 refers to the High and Low periods of the same clock. 





CA3300 Types 


associated ladder reference tap. Those tap voltages will be 
as follows: 


Vitae (N) = ((Vaer/64) x N] - (Vaee/(2 x 64)] 
= Vaer[(2N - 1)/128] 
Where: Viep (n) = reference ladder tap voltage at point n 
Vaer = voltage across R™ to R* 
N = tap number (1 through 64) 


The other side of the capacitor is connected to a single 
stage amplifier whose output is shorted to its input by a 
switch. This biases the amplifier at its intrinsic trip point, 
which is approximately, (Voo-Vss)/2. The capacitors now 
charge to their associated tap voltages, priming the circuit 
for the next phase. 


In the “Sample Unknown” phase, all ladder tap switches are 
opened, the comparator amplifiers are no longer shorted, 
and Vin is switched to all 64 capacitors. Since the other end 
of the capacitor is now looking into an effectively open 
circuit, any voltage that differs from the previous tap voltage 
will appear as a voltage shift at the comparator amplifiers. 
All comparators with tap voltages greater than Vin will drive 
the comparator outputs to a “low” state, all comparators 
with tap voltage lower than Vin will drive the comparator 
outputs to a “high” state. 


The status of all these comparator amplifiers are stored at 
the end of this phase (#2), by asecondary latching amplifier 
stage. Once latched, the status of the 64 comparators is 
decoded by a 64-+to 7-bit decode array and the results are 
clocked into a storage register at the rising edge of the next 
2. 


A 3-state buffer is used at the output of the 7 storage 
registers which are controlled by two chip-enable signals. 
CE willindependently disable B1 through B6 when itisina 
high state. CE2 will independently disable B1 through B6 
and the OF buffers when it is in the low state. 


To facilitate usage of this device a phase-control input is 
provided which can effectively complement the clock as it 
enters the chip. Also, an on-board zener is provided for use 
as a reference voltage. 


Continuous Clock Operation 


One complete conversion cycle can be traced through the 
CA3300 via the following steps. (Refer to timing diagram 
Fig. 6a.) With the phase control in a ‘High’ state, the rising 
edge of the clock input will start a “sample” phase. During 
this entire ‘High’ state of the clock, the 64 comparators will 
track the input voltage and the 64 latches will track the 
comparator outputs. At the falling edge of the clock, all 64 
comparator outputs are captured by the 64 latches. This 
ends the “sample” phase and starts the “auto balance” 
phase for the comparators. During this ‘Low’ state of the 
clock the output of the latches propagates through the 
decode array and a7-bit code appears at the D inputs of the 
output registers. On the next rising edge of the clock, this 
7-bit code is shifted into the output registers and appears 
with time delay ts as valid data at the output of the 3-state 
drivers. This also marks the start of a new “sample” phase, 
thereby repeating the conversion process for this next 
cycle. 


Pulse Mode Operation 


For sampling high-speed nonrecurrent or transient data, 
the converter may be operated in a pulse mode in one of two 
ways. The fastest method is to keep the converter in the 
Sample Unknown phase, $2, during the standby state. The 
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device can now be pulsed through the Auto Balance phase 
with as little as 33 ns. The analog value is captured on the 
leading edge of $1 and is transferred into the output 
registers on the trailing edge of #1. We are now back in the 
standby state, #2, and another conversion can be started 
within 33 ns, but not later than 1 ys due to the eventual 
droop of the commutating capacitors. Another advantage 
of this method is that it has the potential of having the lowest 
power drain. The larger the time ratio between $2 and $1, 
the lower the power consumption. (See timing diagram Fig. 
6b.) 


The second method uses the Auto Balance phase, $1, as 
the standby state. In this state the converter can stay 
indefinitely waiting to start a conversion. A conversion is 
performed by strobing the clock input with two $2 pulses. 
The first pulse starts a Sample Unknown phase and captures 
the analog value in the comparator latches on the trailing 
edge. A second $2 pulse is needed to transfer the data into 
the output registers. This occurs on the leading edge of the 
second pulse. The conversion now takes place in 67 ns, but 
the repetition rate may be as slow as desired. The 
disadvantage to this method is the higher device dissipation 
due to the low ratio of 2 to $1. (See timing diagram Fig. 
6c.) 


Increased Accuracy 


In most cases the accuracy of the CA3300 should be 
sufficient without any adjustments. In applications where 
accuracy is of utmost importance, three adjustments can be 
made to obtain better accuracy; i.e., offset trim, gain trim, 
and midpoint trim. 


Offset Trim 


in general offset correction can be done in the preamp 
circuitry by introducing adc shift to Vin or by the offset trim 
of the op amp. When this is not possible the R” (pin 10) input 
can be adjusted to produce an offset trim. The theoretical 
input voltage to produce the first transition is % LSB. The 
equation is as follows: 


Vin (0 to 1 transition) = % LSB = 4(Vaer/64) 
= Vaer/128 


If Vin for the first transition is less than the theoretical, thena 
single-turn 50-ohm pot connected between A” and ground 
will accomplish the adjustment. Set Vin to % LSB and trim 
the pot until the 0 to 1 transition occurs. 


If Vin for the first transition is greater than the theoretical, 
then the 50-ohm pot should be connected betweenR anda 
negative voltage of about 2 LSB's. The trim procedure is as 
stated previously. 


Gain Trim 

In general the gain trim can also be done in the preamp 
circuitry by introducing a gain adjustment for the op amp. 
When this is not possible, then a gain adjustment circuit 
should be made to adjust the reference voltage. To perform 


’ this trim, Vin should be set to the 63 to overflow transition. 


That voltage is % LSB less than Vaer and is calculated as 
follows: 


Vin (63 to 64 transition) = Vaee — Vaer/128 
= Vrer (127/128) 


To perform the gain trim, first do the offset trim and then 
app'y the required Vin for the 63 to overflow transition. Now 
adjust Vrer until that transition occurs on the outputs. 


Midpoint Trim 


The reference center (RC), pin 16, is available to the user as 
the approximate midpoint of the resistor ladder. The actual! 
count that is brought out is count 33. To trim the midpoint, 


the offset and gain trims should bedone first. The theoretical 
transition from count 32 to 33 occurs at 322 LSB’s. That 
voltage is as follows: 


Vin (32 to 33 transition) = 32.5 (Vrer/64) 


An adjustable voltage follower can be connected to the RC 
pin or a 2-K pot can be connected between R* and R” with 
the wiper connected to RC. Set Vin to the 32 to 33 transition 
voltage, then adjust the voltage follower or the pot until the 
transition occurs on the output bits. 


The Reference Center point can also be used to create 
some unique transfer functions. For example, if R° is 
grounded, RC is connected to 3.25 volts, and R* is connected 
to 4.8 volts then the lower order counts, 1 through 33, will 
have an LSB value of 100 mV while the upper order counts, 
34 through Overflow, will have an LSB value of 50 mV. This 
effectively provides twice the sensitivity in the upper counts 
as compared to the lower counts. 


7-Bit Resolution 


To obtain 7-bit resolution, two CA3300's can be wired 
together. Necessary ingredients include an open-ended 
ladder network, an overflow indicator, three-state outputs, 
and chip-enabler controis—all of which are available on the 
CA3300. 


The first step for connecting a 7-bit circuit is to totem-pole 
the ladder networks, as illustrated in Fig. 13. Since the 
absolute resistance value of each ladder may vary, external 
trim of the mid-reference voltage may be required. 


The overflow output of the lower device now becomes the 
seventh bit. When it goes high, all counts must come from 
the upper device. When it goes tow, all counts must come 
from the lower device. This is done simply by connecting 
the lower overflow signal to the CE1 control of the lower 
A/D converter and the CE2 controi of the upper A/D 
converter. The three-state outputs of the two devices (bits 1 
through 6) are now connected in parallel to complete the 
Circuitry. The complete circuit for a 7-bit A/D converter is 
shown in Fig. 14. 


8-Bit to 12-Bit Conversion Techniques 


To obtain 840 12-bit resolution and accuracy, use a feed- 
forward conversion technique. Two A/D converters will be 
needed to convert up to 11 bits; three A/D converters to 
convert 12 bits. The high speed of the CA3300 allows 12-bit 
conversions in the 500 to 900-ns range. 


The circuit diagram of a high-speed 12-bit A/D converter is 
shown in Fig. 15. In the feed-forward conversion method 
two sequential conversions are made. Converter A first 
does a coarse conversion to 6 bits. The outputis applied toa 
6-bit D/A converter whose accuracy {evel is good to 12 bits. 
The D/A converter output is then subtracted from the input 
voitage, multiplied by 32, and then converted by a second 
flash A/D converter, which is connected in a 7-bit configu- 
ration. The answers from the first and second conversions 
are added together with bit 1 of the first conversion 
overlapping bit 7 of the second conversion. 


When using this method, take care that: 


a The linearity of the first converter is better than % LSB. 
= An offset bias of 1 LSB (1/64) is subtracted from the first 
conversion since the second converter is unipolar. 
= The D/A converter and its reference are accurate to the 
total number of bits desired for the final conversion (the 

A/D converter need only be accurate to 6 bits). 


The first converter can be offset-biased by adding a 
20-2 resistor at the bottom of the ladder and increasing 
the reference voltage by 1 LSB. If a 6.40-voltage 
reference is used in the system, for example, then the 
first CA3300 will require a 6.5-V reference. 
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9205-34234 
Fig. 12 - Typical CA3300 6-bit configuration 15-MHz sampling rate. 
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Fig. 13 - Typical CA3300 7-bit resolution configuration 15-MHz sampling rate. 
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Fig. 14 - Typical CA3300 6-bit resolution configuration 
30-MHz sampling rate. 
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Fig. 15 - Typical CA3300 800-ns 12-bit ADC system. 
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Fig. 16 - TTL interface circuit for Voo > 5.5 volts. 
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CA3300 Types 


OUTPUT CODE TABLE 


INPUT VOLTAGE* BINARY 
ODE DESCRIPTION Veer  Vrer OUTPUT CODE DECIMAL COUNT 
5.12 ; (LSB) 
(V) B4 B3 B2 BI 


% Full Scale — 1 LSB 
% Full Scale 
Ye Full Scale +1 LSB 


Full Scale — 1 LSB 
Full Scale 
Overflow 





*The voltages listed below are the ideal centers of each output code shown as a function of its associated reference voltage. 


0] 20 40 60 80 100 120 l27 
| 















































e 4-10 
(0102-0254) 
124-132 
(3.150-3.352) 


Dimensions and pad layout for CA3300H. 


The photographs and dimensions of each CMOS chip 
representa chip whenitis part of the wafer. When the wafer is 
Dimensions in parentheses are in millimeters and are derived from separated into individual chips, the angle of cleavage may vary 


the basic inch dimensions as indicated. Grid graduations are in with respect to the chip face for different chips. The actual 
dimensions of the isolated chip, therefore, may differ slightly 


Z 3; 

pitta Onn). from the nominal dimensions shown. The user should consider 
a tolerance of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 


92CM-33324 
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CMOS Video Speed 8-Bit Flash 


Analog-to-Digital Converter 


For Use in Low-Power Consumption, 
High-Speed Digitization Applications 
Features: 

= CMOS low power with SOS speed 

® Parallel conversion technique 

= 15-MHz sampling rate (66-ns conversion time) 
® 8-bit latched 3-state output with overflow bit 
« + % LSB accuracy (typ.) 

= Single supply voltage (4 to 8 V) 

® 2 units in series allow 9-bit output 

= 2 units in parallel allow 30-MHz sampling rate 


The RCA CA3308° is a CMOS 200-mW parallel (FLASH) 
analog-to-digital converter designed for applications 
demanding both low-power consumption and high-speed 
digitization. 

The CA3308 operates over a wide full-scale input-voltage 
range of 4 volts up to 8 volts with maximum power 
consumptions as iow as 200 mW, depending upon the clock 
frequency selected. When operated from a 5-volt Supply at 
a clock frequency of 15 MHz, the power consumption of the 
CA3308 is less than 150 mW. 


The intrinsic high conversion rate makes the CA3308 
ideally suited for digitizing high-speed signals. The overflow 
bit makes possible the connection of two or more CA3308s 
in series to increase the resolution of the conversion system. 
A series connection of two CA3308s may be used to 
produce a 9-bit high-speed converter. Operation of two 
CA3308s in parallel doubles the conversion speed (i.e., 
increases the sampling rate from 15 to 30 MHz). CA3308s 
may be combined with a high-speed 8-bit D/A converter, a 
binary adder, control logic, and an Op amp to form a very 
high-speed 15-bit A/D converter. 


256 paralleled auto-balanced voltage comparators measure 
the input voltage with respect to a known reference to 
produce the parallel-bit outputs in the CA3308. 


255 comparators are required to quantize all input voltage 
levels in this 8-bit converter, and the additional comparator 
is required for the overflow bit. 


The voitage supply for analog circuitry is termed Vaa and 
AGND. The voltage supply for digital circuitry is termed 
VDD and Vss. 

The CA3308 type is available in a 24-lead dual-in-line 
ceramic package (D suffix). 


¢ Formerly Developmental Type No. TA11279. 





CA3308, CA3308A Types 


(D) SUFFIX 
24-Lead Duat-in-Line 
Side-Brazed Ceramic Package 





Applications: 


® The CA3308 is especially suited for high-speed con- 
version applications where low power is also important 

= TV video digitizing (industrial/security/broadcast) 

= High-speed A/D conversion 

= Ultrasound signature analysis 

® Transient signal analysis 

® High-energy physics research 

= High-speed oscilloscope storage/display 

= General-purpose hybrid ADCs 

= Optical character recognition 

= Radar pulse analysis 

= Motion signature analysis 

2 uP data acquisition systems 


(TOP VIEW) 
(LSB) B1 Van (ANALOG SUPPLY) 
B2 3/4R 
B3 +R 
84 VIN 
B5 V/2R 
66 PHASE 


OVERFLOW 

v4aR 

(DIGITAL GROUND) Vgg 
(DIGITAL SUPPLY) Vpp 





92Cs-34789 


TERMINAL ASSIGNMENT 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY VOLTAGE RANGE (Vpp AND Vaa) 


(VOLTAGE REFERENCED TO Vgg TERMINAL) ..... 0 esc e cece erence erence etec esse eeerersererecarcecs —-0.5 to +8V 
INPUT VOLTAGE RANGE 

ALL INPUTS,.......0.45 Ciklo Beate here 5 WG, Sik 0.6 owe adie 0 aa) 88 bb 8 Owe! Ob 958 WLU TS TEE 8eCe Se 9 O08 tse) a, 28a —0.5 to Vpp +0.5 V 
DC INPUT CURRENT 

CLK, PH, CE1, CE2, VIN... ee eee cece ence renee sages abate mewarnen ehvv'g Sie Seton eae ba ede holtteteiassle +10 mA 
POWER DISSIPATION PER PACKAGE (Pp) 
FOR Ta=—40 to 55°C oo cece cece eee rece ence tenons sleds hares ess Gavevevvaceiereyevs os dled ea aaicel ose ole, se nde se veeeeeeees O15 mW 

FOR Ta=55°C to 85°C 1 eee ee cee eee cette eens expr aeare es * pe talerg Redte nm eaes ere . . Derate linearly at 3.3 mW/°C 
TEMPERATURE RANGE 

OPERATING ........ Si Mb CRRERSS ETE EEA SERRA OLSEN ON EERE EE TRADED EE EEA EE LAO HESS HE MEIN —40 to +85°C 

Ey 0) 7° | SaaS —65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING) 

AT DISTANCE 1/16 + 1/32 in. (1.59 + 0.79 mm) FROM CASE FORIOSMAX, cc ce ee cree eee ee teen ener erenenee +265°C 

bo >| ca) 4 $2 
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GROUND[I7}- PAG 920M-34523R2 







Fig. 1-Block diagram for the CA3308. 
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CA3308, CA3308A Types 
ELECTRICAL CHARACTERISTICS 


TEST CONDITIONS 


CHARACTERISTI 
: Vaa=Vpp | min, | Typ. 
50 


Vpp=5 V, VReF=6.4 V +0.5 (CA3308AD) 
CLK=15 MHz, gain adjusted +1 (CA3308D) 
Vpp=5 VREF=6.4 V 


CLK=15 MHz : 


Input Current VIN= 6.4 V 


Maximum Conversion Speed Vpp=5 V 


Vpp=5 V (CLK=15 MHz) 


Ladder Impedance eee eT 


Digital Inputs: 
Low Voltage = 
High Voltage Vpp=5 V 3. 
Input Current (Except Pin 18) = 


Digitat Outputs: 
Output Low (Sink) Current VppD=5 V, Vo=0.4 V 3.2 
Output High (Source) Current Vpp=5 V, Vo=4.6 V 1.6 

Digital Output Delay, tg 


Analog Input: Vpp=5 V 
Full Scale Range CLK=15 MHz 
Input Capacitance 


= 
5 


sale 


23 


= 
o 





E : 
for) 
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0 (PIN 19} IS LATCHED 
DATA IS SHIFTED 
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\ 62 2) 
CLOCK SAMPLE AUTO SAMPLE AUTO SAMPLE AUTO 
0 (PIN 18) ' BALANCE 2 BALANCE 3 BALANCE 





\ 
OFT DATA VALID DATA VALID DATA VALID 
0 t 2 
° 
ey - +. 


PHASE 
(PIN 19) DATA IS SHIFTED 
INTO OUTPUT REGISTERS 








COMPARATOR DATA 
IS LATCHED 








ctocKk 
o (PIN 18) 








Ni 920M-34242R1 


Fig. 2-Timing diagram for the CA3308. 
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5 VOLTS (ANALOG SUPPLY) 






Vaa 24 
1 61 (LSB) 






34 R 23 








6.4 VOLTS (REFERENCE VOLTAGE) 
O-~ 6.4V INPUT SIGNAL 







DIGITAL OUTPUT 


AGND 17 







Vin 16 


“R15 
CET 14 






NOTES 
. RI= R4*1009,0.1 % 1/8 WATT (DELETE WHEN USING 
2 RN ee ett tl oe 
“CONNECTED TO EACH OTHER S2CM- 34618R2 
NEAR THE CHIP. 
3. Vag? +6V WILL IMPROVE LINEARITY 


Fig. 3-Typical circuit configuration for the CA3308. 
(15-MHz sampling rate) 


+15V 
VREF ERENCE = 










SK 
Vreg (PIN 22) 


3/4 Vper (PIN 23 


|. ALL RESISTORS ARE 5 % 1/8 WATT 


2. ALL POTS ARE MULTITURN 

3 ALL CAPACITORS ARE CERAMIC 
DISC, 50 Vwoc. 

4 U1=CAI24 QUAD OP- AMP 

5 ADJUST Veer FIRST (GAINTRIM) 
THEN ADJUST 1/2 Veep: 3/4VREF 
AND 1/4 Vaeg POINTS. 


172 VagrtPIN 20) 


To 


1/4 Veer (PIN 10) 


Fig. 4-Reference driver circuit. 
(Use for maximum linearity) 





(USE LH 0033 OR EQUIVALENT) 














Device Operation 


A sequential paraliel technique is used by the CA3308 
converter to obtain its high-speed operation. The sequence 
consists of the “Auto Balance” phase, 1, and the “Sample 
Unknown” phase @2. (Refer to the circuit diagram.) Each 
conversion takes one clock cycle.* With the phase control 
(pin 8) high, the “Auto Balance” (61) occurs during the High 
period of the clock cycle, and the “Sample Unknown” (#2) 
occurs during the low period of the clock cycle. 


During the “Auto Balance” phase, a transmission switch is 
used to connect each of the first set of 256 commutating 
capacitors to their associated ladder reference tap. Those 
tap voltages will be as follows: 


Vtap (N)={(N/256) VReFH(1/512) Vrerl 
=((2N—1/512] VREF 
Where: : 
Vtap (n)=reference ladder tap voltage at point n. 
VREF=voltage across —REF to +REF 
N=tap number (1 through 256) 


The other side of these capacitors are connected to single 
stage amplifiers whose outputs are shorted to their inputs 
by switches. This balances the amplifiers at their intrinsic 
trip points, which is approximately, Vpp—Vss/2. The first 
set of capacitors now charge tc their associated tap 
voitages. 


At the same time a second set of commutating capacitors 
and amplifiers are also auto-balanced. The balancing of the 
second stage amplifier at its intrinsic trip point removes any 
tracking differences between the first and second amplifier 
stages. The cascaded auto-balance (CAB) technique, used 
here, increases comparator sensitivity and temperature 
tracking. 


In the “Sample Unknown” phase, ail ladder tap switches 
and comparator shorting switches are opened. At the same 
time Vin is switched to the first set of commutating 


*This device requires only a single phase clock. The terminology of 
01 and 02 refers to the High and Low periods of the same clock. 
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CA3308, CA3308A Types 


capacitors. Since the other end of the capacitors are now 
looking into an effectively open circuit, any input voltage 
that differs from the previous tap voitage will appear as a 
voltage shift at the comparator amplifiers, All comparators 
that had tap voltages greater than Vin will go to a “low” state 
at their outputs. All comparators that had tap voltages 
lower than Vin will go to a “high” state. 


The status of all these comparator amplifiers are ac 
coupled through the second stage comparator and stored 
at the end of this phase (@2), bya latching amplifier stage. 
Once latched, the status of the comparators are decoded 
by a 256 to 9-bit decode array and the results are clocked 
into a storage register at the rising edge of the next @2. 


A 3-state buffer is used at the output of the 9 storage 
registers which are controlled by two chip-enable signals. 
CE1 will independently disable B1 through B8 whenitisina 
high state. CE2 will independently disable B1 through B8 
and the OF buffers when it is in the fow state. 


To facilitate usage of this device a phase control input is 
provided which can effectively complement the clock as it 
enters the chip. 


Continuous Clock Operation 


One complete conversion cycle can be traced through the 
CA3308 via the following steps. (Refer to timing diagram 
No. 1.) With the phase control in a “low” state, the rising 
edge of the clock input will start a “sample” phase. During 
this entire “high” state of the clock, the comparators will 
track the input voltage and the latches will track the 
Comparator outputs. At the falling edge of the clock, all 256 
comparator outputs are captured by the 256 latches. This 
ends the “sampie” phase and starts the “auto balance” 
phase for the comparators. During this “low” state of the 
clock the output of the latches propagates through the 
decode array and a 9-bit code appears at the D inputs of the 
Output registers. On the next rising edge of the clock, this 
9-bit code is shifted into the output registers and appears 
with time delay tg as valid data at the Output of the 3-state 
drivers. This also marks the start of anew “sample” phase, 
thereby repeating the conversion process for this next 
cycle. 
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CD22100 Types 


CMOS 4 x 4 Crosspoint 
Switch with Control Memory 


High-Voltage Types (20-Volt Rating) 


The RCA-CD22100 combines a 4 x 4 
array of crosspoints (transmission gates) with 
a 4-line-to-16-line decoder and 16 latch cir- 
cuits. Any one of the sixteen transmission 
gates (crosspoints) can be selected by apply- 
ing the appropriate four line address. The 
selected transmission gate can be turned on 
or off by applying a logical one or zero, 
respectively, to the data input and strobing 
the strobe input to a logical one. Any number 
of the transmission gates can be ON simul- 
taneously. When the required operating 
power is applied to the CD22100, the states 


of the 16 switches are indeterminate. 
Therefore, all switches must be turned off 


by putting the strobe high and data-in low, 
and then addressing all switches in 
succession. 


Features: 

® Low ON resistance — 75 Q typ. at 
Vpp =12V 

= “Built-in” control latches 

® Large analog signal capability — + Vpp/2 

® 10-MHz switch bandwidth 

™ Matched switch characteristics 
ARon = 182 typ. at Vpp = 12 V 

® High linearity — 0.5% distortion (typ.) at 
f=1kHz, Vin =5 Vp-p: Vpp = 10 V, 
and Ry = 1 kQ 

® Standard CMOS noise immunity 

® 100% tested for maximum quiescent 
current at 20 V 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (V Db) 
(Voltages referenced to Vgg Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS . 

DC INPUT CURRENT, ANY ONE INPUT*. 

POWER DISSIPATION PER PACKAGE (Pp): 
For T, = —40 to +60 C (PACKAGE TYPE €) 
For T, = +60 to +85 C (PACKAGE TYPE E) 


For Tq = ~56 to +100°C (PACKAGE. TYPES D, F) 

For Tg = +100 to +125 C (PACKAGE TYPES D, F) 
DEVICE DISSIPATION PER TRANSMISSION GATE 

FOR Tq = FULL PACKAGE-TEMPERATURE RANGE (All Package Types). 


OPERATING-TEMPERATURE RANGE (T 
PACKAGE TYPES D, F,H 
PACKAGE TYPEE ..... . 
STORAGE TEMPERATURE RANGE (T t 


a): 


D evten i 
$ 
LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 0.79 mm) from case for 10 s max. 


: —0.5 to +20V 
—0.5 to Vop +0.5 V 
. t10mA 


doe MBE ne Se So ae a a As 500 mw 
Derate Linearly at 12 mW/°C to 200 mW 
15 GR A el ey the TN 500 mw 
Derate Linearly at 12 mW/ C to 200 mW 


~85 to +125°C 
—40 to +85.C 
—65 to +150 C 


% Maximum current through transmission gates (switches) = 25 mA. 












Ei 






















































Se aa 
r Se 
6O— NER 
A 
Ale oe Oe 
2 Fa] 
°o 
oS ae a 2s 5 
5 3 gy Sew 
al? jz! lz c | 
: : 
H ae fe] 
: oe ye 
a : 
2 2 7—— 
3 Fa Ly 
c 2 
: fe] 
see 
40 [7 














92CM- 27346R) 


Fig. 1 — Functional diagram. 
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Fig. 3— Typical ON resistance as a function of 
input signal voltage at Yoo = —Y“ss= 
5V. 
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RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected 
$o that operation is always within the following ranges: 


CHARACTERISTIC 





Supply-Voitage Range (For Ta= 
Full Package-Temperature Range) 











OF op 




















ect 
ENSBLES DaTA 


8 TO OTHER DECODER 
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DETAIL OF TRANSMISSION GATES 
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* INPUTS 8 
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Fig. 6— Schematic diagram. 
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AMBIENT TEMPERATURE (Ta = 25°C 
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Fig. 5— Typical ON resistance as a function of 
input signal voltage at Ta =25 C. 





AMBIENT TEMPERATURE ( 
UP t 





STROBE “no, 
DATA-IN® Vong O 







OUTPUT VOLTAGE (Vgg)—V 








10 


INPUT VOLTAGE (Vig) ~V 92¢$-30263 


Fig. 7 — Typical switch ON transfer charac- 
teristics ( 1 of 16 switches). 










IDAYA-IN VOLTAGE (VpaTa-in) * + 
LOAD CAPACITANCE (C,)*15 pF 














RF VOLTMETER 
BOONTON RADIO} 
MODEL 91-CA 
VOR EQuiv. 







OUTPUT SIGNAL (Nyg) RMS: yours 














to? 10> to* 408 we 
INPUT SIGNAL FREQUENY (fj9)- kHz 
9208-30206 
Fig. 8 — Typical switch ON frequency response 


characteristics. 





AMBIENT TEMPERATURE (Ta 25°C 

SUPPLY VOLTAGE (Vpp) #10 V 

INPUT SIGNAL VOLTAGE (Vig)*10 V p-p (sine wove) 
LOAD CAPACITANCE (CLJ* 50 oF 

LOAD RESISTANCE (RL) thd, 





é 
+ 
al 

+ 


Vos 
ony, 7 08 


8 
} 
; 





SROSSTALK (20 | 
i} 
— 
T 
























































4 i Ly 


2 468 2468 2 468.2 4668 468 
‘ 2 10? 


ws 
INPUT SIGNAL FREQUENCY (¢,.}— Wiz 9209-30267 
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STATIC ELECTRICAL CHARACTERISTICS 
LIMITS at Indicated Temperature (°C) 
Values at —55,+25,+125,apply to D,F,H pkg 
Values at —40,+25,+85,apply to E pkg 


Vin |Vop —40 
(v) | (v) 






















CHARAC- 
TERISTIC 








CROSSPOINTS 





Quiescent 
Device Cur- 
rent, lop 















AON Resist- 
ance, 


Between 
any two 
switches 














All switches 







Input Low 
Voltage 
Vit Max. 








ON switch 
see Ron 
characteristic 









Input 
Current, 
Irn Max. 






* Determined by minimum feasible leakage measurement for automatic testing. 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C 
















CHARACTERISTIC 


CONDITIONS 

UNITS 
Ri | Vis*!| Vop 
kQ | tv) | (Vv) 






CROSSPOINTS 


Propagation Delay Time, (Switch ON) 
Signal Input to Output, tpyL, teLH 
















Frequency Response, 
(Any Switch ON) 





Sine wave input , 







Vos ae 







20 log 3 dB 









Sine Wave Response, (Distortion) 


Feedthrough | 1.6 | 
(All Switches OF F) 


Vv 





*Peak-to-peak voltage symmetrical about 











































































































oe 2 468" 24 6 


e 
0 10 od 
SWITCHING FREQUENCY {t, WH; 
9268-30268 





Fig. 10 ~ Typical dynamic power dissipation as a 
function of switching frequency. 





ss 92cs- 30269 


Fig. 11 — Quiescent current test circuit. 


NOTE 

MEASURE INPUTS 
SEQUENTIALLY TO 
BOTH Vop AND vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR Vs 


i} 
2 
3 

4 
s 
6 
7 
@ 





= 92CS- 30270 


Fig. 12 — Input current test circuit. 





x 


" 





@vN oo du 


NOTE 
CLOSE SWITCH S AFTER 
APPLYING Vpp 


92CS~ 30271 


Fig. 13 — Dynamic power dissipation test circuit. 
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CD22100 Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C 


CONDITIONS LIMITS 
UNITS 


RL] Vis*) Yop 
kQ | (Vv) | (Vv) Typ. 
Attenuation of 40 dB 


oe 
MHz 
Attenuation of 110 dB | sinewave input | wave input kHz 
Capacitance, 
Xp to Ground Me 
Y,, to Ground 
Feedthrough . 


Propagation Delay Time: 
Strobe to Output, tpzy 
(Switch Turn-ON to High Level) 











CHARACTERISTIC 











CROSSPOINTS (CONT'D) 
Frequency for Signal Crosstalk 













= 92cs-30272 





Fig. 14 — OFF switch input or output leakage 
current test circuit. 


ON 
Vis Vos 
10K 50 oF 


SW» ANY CROSSPOINT 
STROBE = DATA-IN "Von 

























Data-In to Output, tpzy 
(Turn-On to High Level) 











Yoo 
Vis 50% 5sO% 
° 
Address to Output, tpzy a5 ‘PLH tPHL 
(Turn-ON to High Level} i iO a. see 











Propagation Detay Time: 
Strobe to Output, tpyz 
(Switch Turn-OF F} 






Fig. 15 — Propagation delay time test circuit and 
waveforms (signal input to signal output, 
switch ON). 

CONTROLS 










Data-In to Output, tpz1_ 
(Turn-ON to Low Level) 





Address to Output, tpy7 
(Turn-OF F) 










SW =ANY CROSSPOINT 


Vop — 
CONTROL 
° 






Minimum Setup Time, 
Data-In to Strobe, Address, toy 










Minimum Hold Time, 50 mv — 
Data-In to Strobe, Address, ty Vos o—+—}-—}-__. 
80 mv — 
92CM-30277 
Fig. /6— Test circuit and waveforms for crosstatk 
{control input to signal output), 












ae ee ee 
ee = pee es a et = 
oo oe aon Hoajnon|[noga lnown![a 
aon 
arvéiszr 
= poe EN) 
BSselSssia 
oN SI-—- oa 
Rvalexxylsae 
ooo ooljoond 


Maximum Switching Frequency, fy 





Rc=1 kQ, C,=50 pF 


0.6 1.2 
1.6 | 3.2 
2.5 5 
ty, te = 20 ns ie 
| =| [10 | 75] —- [mv 
Square wave input (peak) 
t,, t¢ = 20 ns 















Minimum Strobe Pulse Width, ty 


-fa3 
oyon 







Control Crosstalk, 






Data-In, Address, or Strobe to Output ka tka 
Vos 
7 ka tka 
Input Capacitance, Cyy Any Control Input |= | 
SW» ANY CROSSPOINT 92c8-s0e70 


© Peak-to-peak voltage symmetrical about V 
OD- 
panatses Fig. 17 — Test circuit for crosstalk between switch 
2 circuits in the same package. 
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DATA-IN 





SW © ANY CROSSPOINT 





fpuz 


92CM- 30274 


Fig. 18 — Propagation delay time test circuit and waveforms (strobe to signal 
output, switch Turn-ON or Turn-OFF). 








ATA IN Vo 
Yoo Yoo 
DATA IN 50% OATA IN 
x ; 1k ° so% 
Vv. v ¥ a Spze 
is ‘os ‘DD Vie Vos Yoo — 90% 
Vos = Vos 
SOF o- 1o% Tt 50 pF ° 


SW* ANY CROSSPOINT 


STROBE *Vop 92CM-30275 


Fig. 19 — Propagation delay time test circuit and waveforms (data-in to signal output, 
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iy 


th 
a 


le 4-10 
(0.102-0.254) 





ADORESS=0 


Vi 














(2.540-2.743] 


switch Turn-ON to high or low level). 


Vv 


DD 
ADORESS=1 APES). 





Yoo 
DATA-IN 
o- 
‘pz 
Yoo 
1 
Vos a2 
= \, 
SW=ANY CROSSPOINT 0 
STROBE= Vop Vos 2 


92CM-30276 





Fig. 20 — Propagation delay time test circuit and waveforms (address to signal output, 
switch Turn-On or Turn-OFF). 


80 90 100103 


| 
hi 


if 


125-133 
(3.175- 3.378) ; E 
Dimensions in parentheses are in mitlimeters and 
are derived from the basic inch dimensions as in- 


dicated. Grid graduations are in mils (10-3 inch). 


The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
water is separated into individual chips, the angie of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of —3 mils to +16 mils applicable to the nominal 
dimensions shown. 





92CM-30279 


Dimensions and pad layout for CD22100H. 











CMOS 4x 4x2 
Crosspoint Switches 


With Control Memory 


The RCA-CD22101 and CD22102 crosspoint 
switches consist of 4 x 4 x 2 arrays of cross- 
points (transmission gates), 4-line ta 16-line 
decoders, and 16 latch circuits. Any one of 
the sixteen crosspoint pairs can be selected 
by applying the appropriate four-line ad- 
dress, and any number of crosspoints can be 
ON simultaneously. Corresponding cross- 
points in each array are turned on and off 
simultaneously, also. 


In the CD22101, the selected crosspoint pair 
can be turned on or off by applying a logical 
ONE or ZERO, respectively, to the data in- 
put, and applying a ONE to the strobe in- 
put. When the device is ‘powered up”, the 
states of the 16 switches are indeter- 
minate. Therefore, ali switches must be 
turned off by putting the strobe high, 
data-in low, and then addressing all 
switches in succession. 


The selected pair of crosspoints in the 
€D22102 is turned on by applying a logical 
ONE to the Kg (set) input while a logical 


Features: 


® Low ON resistance — 75 {2 typo. at 
Vpp= 12 V 

8 “Built-in” latched inputs 

® Large analog signal capability ~ 
+Vpp/2 

®™ 10 MHz switch bandwidth 

= Matched switch characteristics 
ARON = 8 22 typ. at Vpop = 12 V 

u High linearity — 0.25% distortion (typ.) at 
f= 1 kHz, Vin =5 Vp-p. VoD — Vsg = 10 V, 
and Ry =1kQ 

@ Standard CMOS noise immunity 


ZERO is on the Kp input, and turned off by 
applying a logical ONE to the Kp (reset) 
input while a logical ZERO is on the Kg 
input. tn this respect, the control latches of 
the CD22102 are similar to SET/RESET 
flip-flops. They differ, however, in that the 
simultaneous application of ONEs to the Kg 
and Kp inputs turns off (resets) ali cross- 
points. All crosspoints in both devices must 
be turned off as Vpp is applied. 


The CD22101 and CD22102 types are sup- 
plied in 24-lead hermetic dual-in-line ceramic 
packages (D and F suffixes), 24-lead dual-in- 
line plastic packages (E suffix), and in chip 
form (H suffix). 


MAXIMUM RATINGS, Absolute-Maximum Values: 


OC SUPPLY-VOLTAGE RANGE, (Vp) 
(Voltages referenced to Vgg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 
DC INPUT CURRENT, ANY ONE INPUT ®. 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) 
For Ta = —55 to +100°C (PACKAGE TYPES D,F) 
For Ta = +100 to +125°C (PACKAGE TYPES D, F} 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 


OPERATING-TEMPERATURE RANGE (Ta): 
PACKAGE TYPES D, F, H ves le ee 
PACKAGE TYPEE.,. ...... 

STORAGE TEMPERATURE RANGE (Tstg) . 

LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.69 0.79 mm) from case for 105 max. . 


‘ —0.5 to +20 V 
—0.5 to Vop +0.5 V 
é +10 mA 


PT uP My a Me a eS 500 mw 
Derate Linearly at 12 mW/°C to 200 mW 
big Marit bd A. pina SS pd hd 500 mW 
Oerate Linearly at 12 mW/°C to 200 mW 

100 mw 
-55 to +125°C 


—40 to +85°C 
65 to +150°C 


+265°C 


* Maximum current through transmission gates (switches) = 25 mA. 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that oper- 


ation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For Ta = Full Package- 
Temperature Range) 
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iN (OUT) 





4x4 
SWITCH 








axa 
SWITCH 











ea 
iW (OUT) 


9228-29837 


€D22101, CD22102 
Functional Diagram 





Applications: 

® Telephone systems 

= PBX 

® Studio audio switching 

 Multisystem bus 
interconnect 








TOP VIEW 
92cS~29839 


CD22101 Terminal Diagram 


wBnagasun— 





TOP VIEW 
B2Cs- 29840 


C€D22102 Terminal Diagram 
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[meen 


Ko Ka 





coz2iot 
ONLY 











SIGNALS 
OuT UN) 
Y3 
* 
A 
4 
* o t 
8 € A 
g T 
ADRESS 8 ¢ 
* £ H 
¢c R E 
$ $s 
« YI" 
t) 
Y2" 
SIGNALS 
< OUT (IN) 
INPUTS PROTECTED 3 
BY COS/MOS PROTECTION 
NETWORK 
va" 
SIGNALS IW (OUT) 
92cm - 29836 


Fig. 1 — Functional block diagram. 


TO xI' vi" 








TO IS OTHER TO 15 OTHER 
NANOS LATCHES 






































ne a ne 
TO 1S OTHER 
i 3 il 6 
LATCHES Ga (3) (ys) (xa) 

2 cozzi02 

ee ve OETAIL OF TRANSMISSION GATES 

Vss om DETAIL OF LATCHES Mg Yoo 

o@8 

“inputs 

PROTECTED BY 

COS/MOS PROTECTION 

NETWORK @ bg 

Yss 
vs 
sd S2CL-33103 


Fig. 2 — Logic diegram. 
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DECODER TRUTH TABLE 


[ Adress | Select, Adress [Select 





















A B c¢c oO A B c¢c oD 

0 0 0 0 X1Y1 & X1'Y1 0 0 oOo 1 X1Y3 & X13" 
1 0 oO o X2Y1 & X2'Y1' 1 o o 1 X2Y3 & X2'Y3’ 
0 1 0 90 X3Y1 & X3’Y1' o tt 0 1 X3Y3 & X3'Y3’ 
1 ° #1 #0 90 X4Y1 & X4’y1’ 1 1 oO 1 X4Y3 & X4/Y3' 
o o 1 90 X1Y2 & X1'Y2’ 0 o 1 1 X1¥4 & X1'¥4’ 
1 oO 1 O X2Y2 & X2'Y2’ 1° #O 1 1 X2Y4 & X2'Y4’ 
o 1 1 #0 X3Y2 & X3'Y2' o 14 #74 1 X3Y4 & X3’Y4! 
1 1 1 0 X4Y2 & x4’Y2’ 1 1 1 1 X4Y4 & X4’Y4! 














CONTROL TRUTH TABLE FOR CD22101 


| Function | addres | strobe | 
A B c D 
1 1 1 1 


No Change 


1 = High Level; 0 = Low Level; X = Don't Care 


15 (X4Y4) & 
15’ (x4’Y4’) 
15 (X4Y4) & 
15’ (x4’Y4’) 
















CONTROL TRUTH TABLE FOR CD22102 





15 (X4Y4) & 
15' (X4'Y4') 


15 (x4y4) & 
15' (x4'Y4’) 

All Switches x x x Xx 

ort? 

[ Noches [x x x x [ @ | «| xxxx | 


1 = High Level; 0 = Low Level; X = Don’t Care | 


# In the event that Kg and Kp are changed from levels 1,1 to 0,0 Kp should not be altowed to go to 0 before Ka, 
otherwise a switch which was off will inadvertently be turned on. 
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CD22101, CD22102 Types 


STATIC ELECTRICAL CHARACTERISTICS 

LIMITS at Indicated Temperature (°C) 

Values at —55,+25,+125,apply to D,F,H pkg 
Vatues at —40,+25,+85,apply to E pkg 


Vis |[Yop|-55 [40 | +85]+125] +25 
ww) | iw) Min] Typ. | Max. 




















CHARAC- 
TERISTIC 










CROSSPOINTS 





Quiescent 
Device Cur- 


rent, lop 
Max. 








ON Resist- 
ance 






Ron Max. 











AON Resist- 
ance, 


Between 
any two 
switches 



















OFF Leak- 
age Current 
IL Max. 


CONTROLS 


Input Low 
Voltage 
Vit Max. 






All switches 






























OFF switch 
ty <0.2 uA; 








< 


ON switch 
see Ron 


* Determined by minimum feasible leakage measurement for automatic testing. 













{nput 
Current, 
lity Max. 


uo 


+0.1 


~ 
+ 
= 
° 
i 





400 
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SWITCH "ON" RESISTANCE (Ron) —O 
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2 
a 
ts] 


200} 


8 


SUPPLY VOLTAGE (Vpp) = +2.! 


SV; Veg * ~2.5V 


























































































































g 
9 




















-2 ox, 


ce 
INPUT SIGNAL(Vig )-——V 


' 2 


92C$-31628 


Fig. 3 — Typical ON resistance as a function of 
input signal voltage at Vpn = ~Vgg= 







































































































































































































































































25V. 
SUPPLY VOLTAGE (Vpp) « #8 Vi Vs5 *-5V 
T T er T mit 
175) tt 
San 
1 tsob; : sees: 
5 
£ ash aeae 
i 1255 TH/AMBIENT TEMPERATURE (Ta) © 125°C 
Ff FH tH ett 
9 lOORF ETH 
Ha 
= 75 250 
fiz 
he *: 
= so LSS*¢ 
BE + 
= tr 
” 2s 1 
+ | 
-4 -2 C] 2 4 
INPUT SIGNAL (Vj,)—V¥ 
9268-31630 


Fig. 4 — Typical ON resistance as a function of 
input signal voltage at Vop =—Vog= 


‘SWITCH “ON" RESISTANCE (Ron}— 2 





SV. 





VOOT SUPPLY VOLTAGE (Vpp) ©+7.5 Vi Vgg =-7.5V 





AMBIENT TEMPERATURE (Ty) * 125° 
i 1 














~ 
2 
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Fee 


















































EEE HEE 





“10 -8 -6 -4 -2 ) 2 4 6 8 to 


INPUT SIGN 


AL Wiad ¥ 92CS- 31629 


Fig. 5 — Typical ON resistance as a function of 


input signal voltage at Vno = —Vgg = 





‘os 


OUTPUT SIGNAL (V¥,.}-RMS VOLTS 





























7.5 V. 
JAMBIENT TEMPERATURE (Ta)* 25°C 
ISUPPLY VOLTAGE : Vpp* +5, Vss*~ SV 
INPUT SIGNAL VOLTAGE (Vig )* 5V p-p 
| SINE WAVE (1.77 V RMS) 
DATA-IN VOLTAGE {VpaTa- IN) =+5V 
2.5 [LOAD CAPACITANCE (C.)* 15 pF Cigg? 0-4 pF 
2| LOAD RESISTANCE 4: 
(RUM 
i) 
j RF VOLTMETER 
BOONTON RADIO 
MODEL 9i-ca 
os QUIV. 
2 2.46 | 2 468 2 












































AMBIENT TEMPERATURE (Ta) = 25°C 
’ AMBIENT TEMPERATURE {1 a 
VYoo)* 
cs eeUcuanecueneene H SUPPLY VOLTAGE (VoD 
Le Ht ase 
3 HH t > 
2, FETS EPorP ETT i 
Pe HHt{SUPPLY VOLTAGE (Vpp) = +2.5 ¥ 2 
(Vgg) © 72.5 ~ 
Ze tH (vss 8 
Ea H+ is] € 
iy 5 
tat weaves s 
$ 4 
3 (OF) £ 
Q £5V at 3 
2 so $7.5V 
t 
9) 
o -10 ~5 0 5 10 
INPUT SIGNAL (Vjs} — V peeves Oo 2 4 6 re) 
: INPUT VOLTAGE {Vig)—V Gaevabeed 
Fig. 6 — Typical ON resistence as a function of Fig. 7 ~ Typical switch ON transfer characteristics 
input signal voltage at T, = 25 C. (1 of 16 switches). 


102 to> | 
INPUT SIGNAL FRE: 





10% io8 to 
QUENY (tig)— kHz 9205-30266 


Fig. 8 — Typical switch ON frequency response 


characteristics. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C 
CONDITIONS 


Ri | Vis®l Vo UNITS 
kQ } (Vv) | (Vv) Typ. 


eles [es [aor 


CHARACTERISTIC 


CROSSPOINTS 


Propagation Delay Time, (Switch ON) 
Signal Input to Output, tpy_. tpLy 


Frequency Response, 
{Any Switch ON) 


“ 


Sine Wave Response, (Distortion 


Feedthrough 
All Switches OFF (See Fig. 24) 


Sine wave input 


mee Boe 
MHz 


Frequency for Signal Crosstalk 
Attenuation of 40 dB 
Attenuation of 95 dB (See Fig. 23) 
Capacitance, 
X,, to Ground 
Y,, to Ground 
Feedthrough 





to High Level or Low Level tezy tpzL 
Strobe to Output, CD22101 


Data-In to Output, CD22101 


K, to Output, CD22102 


Address to Output, 
€D22101, CD22102 


Propagation Delay Time, High Level or 
Low Level to High Impedance, tpyz. tpLz 


Strobe to Output, CD22101 
Kp to Output, CD22102 


Data-In to Output, CD22101 


Ka’ Ky to Output, CD22102 





® Paak-to-peak voltage symmetrical about Vop unless otherwise specified. 


2 





CD22101, CD22102 Types 





AMBIENT TEMPERATURE (Tq |= 25°C ~T 
SOURCE RESISTANCE (Rg) ¥ 600 2 
LOAD RESISTANCE (R,)*600.0 
INPUT SIGNAL (Vjg}* 1 VRMS 


— 6 









+) 











CROSSTALK (20106 49 























0. 1 10 102 103 tof 
INPUT SIGNAL FREQUENCY (fj) - Hr | g2cs- 31631 
Fig. 9 ~ Typical crosstalk between switches as @ 
function of signal frequency. 





] 
AMBIENT TEMPERATURE (Tq}# 26°C 
SOURCE RESISTANCE (Rg = 600 2 
LOAD RESISTANCE (R,).« 600 02 













3 


+75 V.-75V, 3V RMS 
+8V,—-5V, 2VRMS 


Ve 
vib) 38 








+ 
Vpp# +25 V, Vgg2-2.5 ¥ 

Vig? |V RMS. 
4 





FEEDTHROUGH (20 LOG 
a 
c} 





I 
. 
i] 























bl 5 pigi Lot | Eee Hae BSB 1 om wb 
ol ' to 102 03 104 
INPUT SIGNAL FREQUENCY (f\,)-kHz g2cs-31626 
Fig. 10 — Typical feedthrough, any OF F switch as 
2 function of frequency. 




















































































































(OPS[ AMBIENT TEMPERATURE (T, }+ 25°C 
ee : 
4 2 
& of = 2 
33 rs rh 
3 3 +4 for y 
= ¢ +t. as 
2 i kon 
= 2 t “a Ae 
5 10°, rod ¥ 
: 3 
g 4 Ky 
Boe . 
é 
8 gt ——— C+ 50 oF 
g's man CL #15 oF 
6 
4 4 es es 
& 
g 
10 
204 66 2468 2-4 68) 2468 2468 
0.! 1 0 10? to” lo4 


SWITCHING FREQUENCY (fy)—-kHz g2cs-30268 

Fig. 11 — Typical dynamic power dissipation as 8 
function of switching frequency for 
CD22101. 





92CS-31627 


Fig. 12 — Quiescent current test circuit. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 28°C (cont'd) 


CONDITIONS 


Rt 
kQ 


CONTROLS (cont'd) 


Address to Output, 
C022101, CD22102 
Minimum Strobe Pulse Width tw 
CD22101 


CHARACTERISTIC 


Address to Strobe Setup or Hold Times, 
tsu. thy CD22101 





Strobe to Data-In Hold Time, 
Time, thH te th LH: CD22101 





Address to K, and Kj, Setup or Hold Times, 
tsu. tH. CD22102 


Minimum K,° Kp Pulse Width, ty 
CD22102 


Minimum K, Pulse Width, tw 
CD22102 


Minimum Kp Pulse Width, tw 
CD22102 


eo 
mae aa 
aqonainmnon 


Control Crosstalk, 





Yoo 


NOTE: 
MEASURE INPUTS 
SEQUENTIALLY To 
BOTH Vpp AND Vgg 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR Vg 


92CS~ 31632 


Fig. 13 — Input current test circuit. 








Data-In, Address, or Strobe 
to Output, 


Square wave 
input = 5 V, 
t,,tf=20 ns, 

R=Tk2 


= 





§ cozaioz (3) _] 
C) i744 
= 


SW= ANY CROSSPOINT 
STROBE = DATA-IN *Vpp 





= Vs5 9208-31633 
Fig. 15 — OFF switch input or output leakage 
current test circuit (16 of 32 


switches). switch ON). 


NOTE - 
CLOSE SWITCH S AFTER APPLYING Vpn 


92CS- 31654 


Fig. 14 — Dynamic power dissipation test circuit 


for CD22101. 


Yoo 

50% 50% 

° 
PL tpHL 
Vpo —~— 

50% 50% 
oO 
92CS~ 30275 


Fig. 16 — Propagation delay time test circuit and wave- 
forms (signal input to signal output, 
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SW = ANY CROSSPOINT 
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Fig. 17 — Propagation dela, y time test circuit and waveforms (strabe to signal 
Output, switch Turn-ON or Turn-OFF). 


DATA IN 
Yoo 
pata In. 50% 
0 
* pz 
Via os Yoo 
Vos 
S09F on 10% 





SWs ANY CROSSPOINT 
STROBE * Vp) 


10% 
92CM-30274 
Yoo 
Yoo 
DATA IN 
rT 50% 
t) 
feat 
Vie Vos Yoo — “2. 90% 
— v, 
cali 
92CM- 30275 


Fig. 18 — Propagation delay time test circuit and waveforms (data-in ta signal autput, 


switch Turn-ON to high or low level). 


AODRESS=1 





SW=ANY CROSSPOINT 
STROBE = Vgo 








92CM~30276 





Fig. 19 — Propagation delay time test circuit and waveforms (address to signal output, 


switch turn-ON or Turn-OFF}. 


STROBE 





OUTPUT OF SWITCH 
ADDRESSEO 
NOTE: 
iF SETUP AND HOLD TIMES PROVIDED ARE TOO SHORT 
AN UNADDRESSED SWITCH MAY BE TURNED ON OR OFF 
SIMULTANEOUSLY WITH THE AOORESSED SWITCH. 


9208-31634 


Fig. 20 ~ Address to strobe setup and hold times. 





NOTE: 
SET ALL SWITCHES TO OFF INITIALLY. APPLY 1820 
TO ALL x INPUTS AND RETURN ALL Y OUTPUT! 

Vgg THROUGH IK. ADDRESS XiY2 (ABCD) WITH f)y=lOkHe 


9208-31635 


Fig. 21 — Strobe to Data-in hold time ty, for CD22101. 
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648 


CONTROLS 


X(N) Y(N) 


ko 10k 


SW "ANY CROSSPOINT 








#5 
ede eae 


92CM-30277RI 


Fig. 22 — Test circuit and waveforms for crosstalk (control input to signal output), 


ON 


OFF 
600n 600 2 


SWANY CROSSPOINT 92C$- 31657 


Fig. 23 - Test circuit for crosstalk between switch 
circuits in the same package. 









mm 154-162 
(3.912 4.114) 
































thee 102-6.254) 
153-161 
(3.887- 4.089) 


92CS~ 31659 


Dimensions and pad layout for CD22101H. 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (1 0-3 
inch). 







ANY 
OFF 
SWITCH 





Vos 
SOLATION (dB)* 20 LOG v~ 
is 


92CS- 31688 


Fig. 24 — Test circuit for feedthrough 
fany OFF switch). 


120 56 






184 - 162 
3. 912- 4.114) 








































































































































































Spa 102— b. P2584) 
153-161 
(3-887- 4.089) 
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Dimensions and pad layout for CD22102H. 


The photographs and dimensions of each CMOS 
chip represent a chip when it is part of the wafer. 
When the wafer is separated into individual 
chips, the angle of cleavage may vary with 
respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, 
may differ slightly from the nominal dimensions 
shown. The user should consider a tolerance of 
-3 mils to +16 mils applicable to the nominal 
dimensions shown. 








Preliminary Data 


CMOS HDB3 (High Density Bipolar 3) 
Transcoder for 2.048/8.448 Mb/s 


Transmission Applications 


Features: 


= HDB3 coding and decoding for data rates from 50 Kb/s to 10 Mb/s ina 
manner consistent with CCITT G703 recommendations. 

§ HDB3/AMI transmission coding/reception decoding with code error 
detection is performed in independent coder and decoder sections. 

® All transmitter and receiver inputs/outputs are TTL compatible. 


= Internal Loop Test capability. 


The RCA CD22103 is an LSi SOS integrated circuit which 
performs the HDB3 transmission coding and reception 
decoding functions with error detection. It is used in 2.048 
and 8.448 Mb/s transmission applications. The CD22103 
performs HOB3 coding and decoding for data rates from 50 
Kb/s to 10 Mb/s in a manner consistent with CCITT G703 
recommendations. 


HDB3 transmission coding/reception decoding with code 
error detection is performed in independent code and 
decoder sections. All transmitter and receiver inputs/outputs 
are TTL compatible. 

HOB83/AMi 





CD22103 Types 
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Terminal Assignment 





The HOB3 transmitter coder codes are NRZ binary unipolar 
input signal (NRZ-In) and a synchronous transmission 
clock (CTX) into two HDB3 binary unipolar RZ output 
signals (+HDB3 OUT, -HDB3 OUT). The TTL compatible 
output signats +HDB3 OUT, -HDB3 OUT are externally 
mixed to generate ternary bipolar HDB3 signals for driving 
transmission lines. 


HDB3 reception decoding is pertormed on ternary bipotar 
HBD3 signals which have been externally split to provide 
binary unipolar receiver input signals, (+HDB3 IN, -HDB3 
IN), and a synchronous receiver clock signal, (CRX) into 
binary unipolar NRZ signals (NRZ - Out). 





CTX 





StHDB3 OUT 





TRANSMITTER 
CODER 


















NRZ-IN 


LTE 


*HDB3 IN 


~HDB3 IN 





®HDB3 OUT 


CKR 


NRZ- OUT 





CRX 


z 
a 


ERR 


Als 








92CS~— 33991R1 


Fig. 1 - Block diagram of the CD22103, 
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CD22103 Types 


Received signals not consistent with HDB3 coding rules are 
detected as errors. The receiver error output (ERR) is active 
high during one CRX period of each bit of received data 
which is inconsistent with HDB3 coding rules. 


An input string consisting of all ones (or marks) is detected 
and signaled by a high level at the Alarm Signal (AiS) 
output. The AIS output is set to a high level when less than 
three zeros are received during two consecutive periods of 
the Reset Alarm inhibit Signal (RAIS). The AIS output is 
subsequently reset to a low level when three or more zeros 
are received during two periods of the reset signal (RAIS). 


A diagnostic Loop-Test Mode may be entered by driving the 
Loop Test Enable Input (LTE) high. tn this mode the HDB3 
transmitter outputs (+HDB3 OUT, -HDB3 OUT) are 
internally connected to the HDB3 receiver inputs, and the 
external HDB3 receiving inputs (+HDB3 IN, -HDB3 IN) are 
disabled. The NRZ binary output signal (NRZ - Out) 
corresponds to the NRZ binary input signal (NRZ - In) 
delayed by approximately 8 clock periods. 


MAXIMUM RATINGS, Absolute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Voo) 


(Voltages referenced to Vss Terminal)............0.0c ee eeeeeen ee 
INPUT VOLTAGE RANGE, ALL INPUTS ........ 0. cece cece ence ees 
DC INPUT CURRENT, ANY ONE INPUT .......-... 0000 ce rere eee 


POWER DISSIPATION PER PACKAGE (Po) 


For TA= -40 to + 60°C (PACKAGE TYPEE) ........00.c0s eee eee 
For TA = + 60 to +85°C (PACKAGE TYPE E) .......0. ccc cccee ees 
For TA = -55 to + 100°C (PACKAGE TYPE D) ..........0ses eee 
For TA = + 100 to + 125°C (PACKAGE TYPE D) ..........0.00005 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 








The Clock Receiver Output (CKR) is the product of the two 
HDB3 input signals or-ed together. The CRX clock signal 
may be derived from the CKR signal with external clock 
extraction circuitry. Inthe Loop Test Mode (LTE= 1) CKRis 
the product of the +HDB3 OUT and -HDB3 OUT signals 
or-ed together. 


The CD22103 may also be used to perform the AMI to NRZ 
coding/decoding function. To use the CD22103 in this 
mode, the HDB3/AMI control input is driven low. 


The RCA CD22103 operates with a5 V power supply voltage 
over the full military temperature range at data rates from 50 
Kb/s up to 10 Mb/s. 


The RCA CD22103 is similar in function and pin 
configuration to type MJ1471, 


The CD22103 types are supplied in 16-lead hermetic dual- 
in-line ceramic packages (D suffix), 16-lead dual-in-line 
plastic packages (E suffix), and in chip form (H suffix). 


500 mw 


For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Type@S) ........ 00sec ese en ee cen e teen een teens tne ener es 100 mW 


OPERATING-TEMPERATURE RANGE (TA) 


PACKAGE TYPES D,H ........ cece cece entree ent ene neee 
PACKAGE TYPE E 04. fciskig uve nid a Pheer tone aKa ne eee oes we 
STORAGE TEMPERATURE RANGE (Tstg) .......--:eeeee eee een 


LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from Case for 10S MAX, occ cece eee eee e nett tee tne tte nent ees + 265°C 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operating Is always within the 


following ranges: 


CHARACTERISTIC 


DC Supply Voltage Range 


650 





+10mA 


500 mw 


~65 to + 125°C 
-40 to + 85°C 








CD22103 Types 


STATIC ELECTRICAL CHARACTERISTICS 





CHARACTERISTIC SYMBOL 


Quiescent Device Current | io 


Operating Device Current fc. = 10 MHz hee #2 
HDB3 Output Low (Sink) Current (VoL = 0.5 V) a ae ere Es 
HDB3 Output High (Source) Current (VOH = 2.8 V) toe toe fe mA 































[All Other Outputs Low (Sink) Gurent(Vor=0sv) ~*~ de | — | 

|_AllOther Outputs High (Source) Current (Von=28V) | stow | te | — | — | 

[Input High Curent SSCS 
CIN 


Input Capacitance 


DYNAMIC ELECTRICAL CHARACTERISTICS 
at TA range of -40°C to 85°C for plastic package 
-55°C to 125°C for ceramic package 
VoD range of 45 Vto5.5V 
Cu = 15 pF 


LIMITS 


CHARACTERISTIC SYMBOL jain | Typ. | Max. | UNITS 


CTX, CRX Input Frequency 
CTX, CRX Input Rise Time * us 
Fall Time * us 
NR2-IN to CTX 
Data Setup Time * 
Data Hold Time * 
HDB3 IN to CRX 


Data Setup Time § 
Data Hold Time * 


CRX to CKR 
CRX = 8.448 MHz 


Pretrigger ° 


Delay 





* See Fig. 4 § See Fig. 5 ° See Fig. 6 
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CD22103 Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 
at TA range of -40°C to 85°C for plastic package 
-55°C to 125°C for ceramic package 
Voo range of 4.5 Vto 5.5 V 
Ci = 15 pF 


LIMITS 


CHARACTERISTIC SYMBOL 


OUTPUT 


Transmitter Coder 
CTX to HDB3 OUT: 
Data Propagation Delay Time * 
Handling Delay Time clock period 
HDB3 OUT Output Pulse Width * 
(Clock duty cycle = 50%) 
fCL = 2.048 MHz 
fcL = 8.448 MHz 
Receiver Decoder 
CRX to NRZ OUT: 
Data Propagation Delay Times § 
Handling Delay Time #° clock period 
HDB3 IN to CKR 
HDB3 Propagation Delay Time t 
LTE=0 
LTE =1 





§ See Fig. 5 * See Fig. 4 + See Fig. 2 # See Fig. 3 
TRANSCODER OPERATION 


Transmitter Coder (See Fig. 2) HDB3/AMI coding is performed on the 4 bit string, and 
The HDB3/AMI transmitter coder operates on 4 bit serial HDB3/AMI binary output data is clocked out to the (+ HDB3 
strings of NRZ binary data and a synchronous transmitter OUT, -HDB3 OUT) outputs on the positive transition of the 
clock (CTX). NRZ binary data is serially clocked into the transmitter clock (CTX) 4 clock puises after the data 
transmitter on the negative transition of the (CTX) clock. appeared at the (NRZ-In) input. 

WANOLING OELAY 





ctx 


NRZ-IN 


+ioesour (SS NL 


HOB3 
CODED 


-HDB3 OUT eo a ee 


EXTERNALLY GENERATED 


TERNERY HOB3 IW p> pu ecr 


+HOB3 OUT a a 


AMI 
CODED 


“HDB OUT oS ee 


EXTERNALLY GENERATED 


AM! AW - > ————— 
92cs -33992 


Fig. 2 - Transmitter coder operation timing waveforms - NRZ to HDB3/AMI coding. 


ern i St hs Sc SSS 
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CD22103 Types 


of the (CRX) clock. HD&3/AMI decoding is performed on 
The HDB3/AMI receiver decoder operates on 4 bit serial the 4 bit string, and NRZ binary output data is clocked out to 
strings of binary coded HDB3/AMI signals, and a the (NRZ-OUT) output on the positive transition of the 
synchronous receiver clock (CRX), HDB3/AMI binary data receiver clock (CRX) 4 clock pulses after the data appeared 
is serially clocked into the receiver on the positive transition at the (+ HDB3 IN, -HDB3 IN) inputs. 


HDB3 RECEIVED 

SIGNAL SU Jy purr —_ 

G8 INT a ee PP 
EXTERNALLY 
SPLIT 

THDBSIN: boa I 

ce +L SL OSLLLL 
CRX EXTERNALLY 

cenerateo «=~ LPL LLL LL LL LLL a> 


HANDLING DELAY 


WRZ— OUT j l f l j 1 


92CS - 33989 
Fig. 3 - Receiver decoder operation timing waveforms - HDB3 to NRZ decoding. 


Receiver Decoder (See Fig. 3) 








teen = 
aa oa 
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cocccn a wen 





[free 










NRZ—-IN 
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tw 
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Fig. 4 - Transmitter coder timing waveforms. 





+HOBS IN 
—HDB3 IN 


CKR 








NRZ- OUT 
92C$-33994R1 


Fig. 5 - Receiver decoder timing waveforms. 
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CKR 


CRX 


RX 
+HOBS IN 


“HDB3 IN 








92CS~ 36666 
Fig. 6 - CRX Reconstruction Requirements. 











ERR j l J l J l 


92C$ ~ 33995 


Fig. 7 - Receiver error-signals timing waveforms. 


Definition of HDB3 Code Used In CD22103 HDB3 Transcoder (As Per CCITT G703 Annex 


Recommendations) and Error Detection 


Coding of a binary signal into an HDB3 signal is done 

according to the following rules: 

1. HDB3 signal is pseudoternary; the three states are 
denoted B+, B-, and 0. 


2. Spaces in the binary signal are coded as spaces in the 
HDB3 signal. For strings of four spaces, however, special 
rules apply (See Item 4 below). 


3. Marks in the binary signal are coded alternately as B+ 
and B-in the HDB3 signal (alternate mark inversion). 
Violations of the rule of alternate mark inversion are 
introduced when coding strings of four spaces (See Item 
4 below). 


4. Strings of four spaces in the binary signal are coded 
according to the following rules: 


A) The first space of a string is coded as a space if the 
polarity of the preceding mark of the HDB3 signal has 
a polarity opposite to the preceding violation and is 
nota violation by itself; itis coded as a mark, i.e.,nota 
violation (i.e., B+ or B-), if the preceding mark of the 
HDB3 signal has the same polarity as that of the 
preceding violation or is by itself a violation. 


This rule ensures that successive violations are of 
alternate polarity so that no dc component is 
introduced. 


The second and third spaces of a string are always 
coded as spaces. 


B 


~~ 


C) The last space ofa string of fouris always coded asa 
mark, the polarity of which is such that it violates the 
rule of alternate mark inversion. Such violations are 


denoted V+ or V- according to their polarity. 


~ 
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The CD22103 is designed to code and decode HDB3 signals 
which are coded as binary digital signals (NRZ-In) and (+ 
HDB3 IN, -HDB3 IN), accompanied by sampling clocks 
(CTX) and (CRX). The two binary coded HDB3 outputs, (+ 
HDB3 OUT, -HDB3 OUT) may be externally mixed to create 
the ternary HDB3 signals (See Fig. 2). 


The two binary HDB3 input signals have been split from the 
input ternary HDB3 in an external line receiver. 


Error Detection 


Received HDB3/AMI binary input signals are checked for 
coding violations, and an error signal (ERR) is generated as 
described below. 


HDB3 Signals HDB3/AMI = High 


The error signal (ERR) is flagged high for one CTX period if 
a violation pulse (+V) is received of the same polarity as the 
last received violation pulse. 


A violation pulse (+V) is considered a reception error and 
does not cause replacement of the last string of 4 bits to 
zeros, if: 


The received 4 data bits previous to reception of the 
violation pulse have not been the sequence BX00 (where X = 
don't care). The error signal (ERR) remains low. 


NOTES: 


The data sequences BOOOV and BBOOV are valid HDB3 
codings of the NRZ binary sequence 10000. 


The error signal (ERR) count, is the accurate number of all 
single bit errors. 














AMI Signals HDB3/AMiI = Low 


Acoding error (ERR) is signaled when a violation pulse (+V) 
is received. 


In elther the HDB3 or AMI mode: 

When high levels appear simultaneously on both HDB3 
inputs (+ HDB3 IN, -HDB3 IN) a logical one is assumed in 
the HDB3/AM! input stream and the error signal (ERR) goes 
high. 


So 


CD22103 Types 


Alarm inhibit Signal 


The alarm output (AIS) is set high if in two_successive 
periods of the external Reset Alarm Signal, (RAIS), less 
than three zeros are received. 


The alarm output (AIS) is reset low when three or more 
zeros are received during two reset alarm signal periods. 





eee 


CD22104, CD22104A 


CMOS Four-Digit LCD 


Decoder-Drivers 


6-V Rating 

Features 

a 6-V supply-voitage rating 

& No external components necessary 

= 4-digit segment drive capability 

@ Backplane input/output allows 
synchronization for cascading 


Preliminary Data 


Applications 

« Digital meters and caiculators 
8 General-purpose displays 

a Wall and table clocks 

« Automobile dashboard displays 
« Appliance contro! panels 


devices to drive more digits 

= Decodes multiplexed binary to 
hexadecimal (CD22104) and decimal 
(CD22104A) outputs 


The RCA-CD22104 types are non-multiplexed, four-digit, 
seven-segment, liquid-crystal display decoder-drivers. 


The CD22104 types contain all the circuitry necessary to 
drive conventional LCD displays (no external components 
required). Outputs are four sets of seven-segment driver 
signals and a backplane driver signal. The backplane 
signal, derived from an on-board free-running oscillator, is 
common to all four-digit displays. 


The backplane and segment drives are designed so that p 
and n channels have the same ON resistances and thus 
equal rise and fall times. This equality eliminates any DC 
component, thereby maximizing display life. In addition to 
feeding the internal display drivers, the backplane signal 
can also be used as a master to drive a number of slave 
devices. The number of slaved devices should be limited to 
the load that keeps the backplane rise and fall times from 
exceeding 5 us. If this limit is to be exceeded, the master 
backplane drivers should be disabled (by connecting pin 
36, the oscillator input, to Vss) and pin § should be fed from 
an external oscillator and all devices slaved to it. The 
maximum frequency of the external signal should be 125 
Hz at room temperatures. 


The on-board oscillator, which operates at 16 kHz when 
free-running (pin 36 floating), provides a backplane signal 
whose frequency is approximately 125 Hz. This frequency 
can be reduced by connecting an external capacitor to pin 
36. Plots of backplane frequency vs. supply voltage at 
various values of external capacitance are shown in Fig. 3. 
The oscillator may be overdriven by an external signal but 
care must be taken to keep the lower voltage level above Vss 
by at least 20 per cent of Voo (for Von=5 V the signal should 
oscillate between +1 and +5 volts). This precaution prevents 
the backplane driver from being disabled, a condition that 
would present aDC component to the LCD display. A signal 
swinging from rail-to-rail can also be used to overdrive the 
oscillator but in this case the duty cycle should be such that 
the lower portion of the signal must be less than one- 
microsecond duration (the backplane disable sensing circuit 
will not respond to signals of this duration). 
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“E” Suffix 





There are four data inputs and four digit-select inputs. The 
four-bit binary input is decoded by means of a PROM into 
seven-segment hexadecimal outputs for the CD22104 and 
into decimal seven-segment display outputs for the 
CD22104A. These devices are pin-compatible with the 
Intersit |CM7211IPL and 1CM7211AIPL, respectively. 


The CD22104 types are supplied in the 40-lead dual-in-line 
plastic (E suffix) package. 





Vop | 
DI 7 SEGMENT 
SEGMENT 3 OUTPUTS 
OUTPUTS 4 
BACKPLANE R 
(BACKELANE 5 OSCILLATOR INPUT 
1 6 pawSS 
2) 2 DIGIT 
D2 8 
SEGMENT 9 b2 pserer 
OUTPUTS 
DATA 
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D3 
SEGMENT 
OUTPUTS 


D4 
SEGMENT 
OUTPUTS 
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CD22104, CD22104A 
Terminal Assignment 











CD22104, CD22104A 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Voo) 


DC INPUT CURRENT, ANY ONE INPUT? .......: eee erence reer erties 
POWER DISSIPATION PER PACKAGE (Po): 
FOr Tat-20 10 60°C voce ccc nce e ene nee ener ee een e ene e ean e renee E Eee E ELECT EEE ET EC USEC SS SS TELA LSTA Ata 











For Tat t60 tO 70°C eee ee rE EEE EERE EEE EEE EEE E EE EEE ESTE ES ....Derate Linearly at 12 mw/°C to 380 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta2FULL PACKAGE-TEMPERATURE RANGE....... 0.0. cee eer e nce e ern ne errr een n nner ener seers eee eee eee eee ea AS 100 mW 
OPERATING-TEMPERATURE RANGE (Ta)i..... ee cere eect eee e ener t entree e nee ee rene eres aces -20 to +70°C 
STORAGE TEMPERATURE RANGE (Tats)... e reece ere ere nee eee EEE eT CEE EEE TESTE TELE TEES TS -55 to +125°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10S MAX, on. reese eee eeeee eres ser eteer rence se serer tees yess sees s +265°C 


*Pin 36 limited to +5 mA. 


STATIC ELECTRICAL CHARACTERISTICS 
Ta=25°C, Voo=5 V, Vss=0 V 


CHARACTERISTIC SYMBOL 























Operating Supply Voltage Range] Veo | varov dT 3 8 

Operating Current’ | lw» | Display Operating | — [10 [50 [ya 
Oscillator Input Curent tle |e at a 
rSegmeni Rise andFall time itetw | a=200eF sf — | 08 | 
[Backplane Ase and Fell Tima [tate [C= soo0pF_ | — [| 15 [ — [7s 
Oscillator Frequency] foxe | Pin 36 Floating | — | 16 _[ — | kHe 
Backplane Frequency | fee | Pin 36 Floating | — | 425 | — [We 
input High Voltage Wn Moe ee ee 
hinsuttowvonegs a ee 
Finput Leakage Current ——SCS~dSCi ns ge TC 
rinput Gapacitance Sid ST ns vce] dT 
[Backplane Input Leakage ‘| ner, | Pin Swith Pin 36 @Ves__| — | #0001 
[Backplane Input Capacitance [Cen |S 


DYNAMIC ELECTRICAL CHARACTERISTICS 
Ta=25° Cc, Voo=5 V, Vss=0 Vv 


CHARACTERISTIC SYMBOL CONDITIONS 
VALUES 
Digit-Select Active Pulse Width | te | See Timing Diagram | 05 | 










Inter-Digit Select Time 
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SEGME NT SEGME ni 4 
NT SEGMENT SEGMENT 
OUTPUTS OUTPUTS OUTPUTS OUTPUTS 
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Oo O 2C4.~33048RI 
Voo Vss . . 
Fig. 1 - Black diagram of CD22104 and CD22104A. 

[= AMBIENT TEMPERATURE (Ty 25°C AMBIENT TEMPERATURE (Tal*25°¢ ct 
i 
“ATO 
f : 
id # 1 OpF 
& 6 1150 
5 H 2 
2 3 125) 20 of 
2 aol 5 100 

2 
ig 4 H 
5 30 = 7s! Ht 
e y 100 pF 
ee z t 2209F 
2 a 
5 10] gas 
Fy is oH 

0 ! 2 3 4 5 6 7 8 fo} ! 2 3 4 Ss 6 7 
SUPPLY VOLTAGE (Vpp)- V ae ee ee ee saudi 
92CS- 36469 
Fig. 2 - Typical operating current as a function Fig. 3 - Typical backplane frequency as a 
of supply voltage. function of supply voltage and 


external capacitance on pin 36. 
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CD22104, CD22104A 
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DIGIT SELECT 
On 


On-1 
DATA VALID 


MX = DON'T CARE 























92CM-36473 
Fig. 4 - CD22104, CD22104A timing diagram. 
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Fig. 5 - Test circuit. 
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Table | — Output Codes DIGIT SELECTION TRUTH TABLE 


Digit Selected 








Binary Input 
B3 B2 B1 BO 





DISPLAY SEGMENTS 
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OSCILLATOR 
FREQUENCY 
abe 128 CYCLES— = 


less CYCLES sca cycurse| 


BACKPLANE 
INPUT/OUTPUT 





OFF SEQMENTS 


ON SEQMENTS Ae ee (en 


92C$-36471 


Fig. 6 - Display waveforms. 
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Preliminary Data CD22105, CD22105A 


CMOS Four-Digit LCD 


Decoder-Drivers 

6-V Rating 

Features Applications 

8 6-V supply-voltage rating s Microprocessor-controlled digital 
® No external components necessary meters and calculators 


= General-purpose displays 

= Microprocessor-controlied auto- 
motive dashboard displays 

= Microprocessor appliance contro! 


» 4-digit segment drive capability 

a Backplane input/output allows 
synchronization for cascading 
devices to drive more digits 


a Direct microprocessor interface 

a Decodes binary into hexadecimal 
(CD22705) and decimal (CD22105A) 
outputs 


panels 


The RCA-CD22105 types are non-multiplexed, four-digit, 
seven-segment, liquid-crystal display decoder-drivers. 


The CD22105 types contain all the circuitry necessary to 
drive conventional liquid-crystal displays (no external 
components required). Outputs are four sets of seven- 
segment driver signals and a backplane driver signal. The 
backplane signal, derived from an on-board free-running 
oscillator, is common to all four-digit displays. 


The backplane and segment drives are designed so that p 
and n channels have the same ON resistances and thus 
equal rise and fall times. This equality eliminates any DC 
component, thereby maximizing display life. In addition to 
feeding the internal display drivers, the backplane signai 
can also be used as a master to drive a number of slave 
devices. The number of slaved devices should be limited to 
the load that keeps the backplane rise and fall times from 
exceeding 5 ys. If this limit is to be exceeded, the master 
backplane drivers should be disabled (by connecting pin 
36, the oscillator input, to Vss) and pin 5 should be fed from 
an external oscillator and ail devices slaved to it. The 
maximum frequency of the external signal should be 125 
Hz at room temperatures. 


The on-board oscillator, which operates at 16 kHz when 
free-running (pin 36 floating), provides a backplane signal 
whose frequency is approximately 125 Hz. This frequency 
can be reduced by connecting an external capacitor to pin 
36. Plots of backplane frequency vs. supply voltage at 
various values of external capacitance are shown in Fig. 3. 
The oscillator may be overdriven by an external signal but 
care must be taken to keep the lower voitage level above Vss 
by at feast 20 per cent of Voo (for Voo=5 V the signa! should 
oscillate between +1 and +5 volts). This precaution prevents 
the backplane driver from being disabled, a condition that 
would present a DC componentto the LCD display. A signal 
swinging from rail-to-rail can also be used to overdrive the 
oscillator but in this case the duty cycle should be such that 
the lower portion of the signal must be less than one- 
microsecond duration (the backplane disable sensing circuit 
will not respond to signals of this duration). 





“E” Suffix 





A four-bit data-input latch and a two-bit select-code latch 
under the control of two chip-select inputs permit interfacing 
with a microprocessor. This device simplifies designing a 
seven-segment display into a microprocessor system, 
without requiring extensive ROM or CPU time for decoding 
and display updating. The four-bit binary input is decoded 
by means of a PROM into a seven-segment hexadecimal 
output for the CD22105 type and into a decimal display for 
the CD22105A type. These types are pin-compatible with 
the Intersil 1CM7211MIPL and 1CM7211AMIPL, respectively. 


The CD22105 types are supplied in the 40-lead dual-in-line 
plastic (E suffix) package. 
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TOP VIEW 
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CD22105, CD22105A 
Terminal Assignment 
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CD22105, CD22105A 


MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vop) 





(Voltages referenced to Vss TQ TIMI EN) asc ais a eat eccs vot ceed aaa toa tae arose abe tad statue thd esse edace hzboaes lvl oa ehake abana daoshag etotelenng ME Met -0.3 to +6.5V 
INPUT VOLTAGE RANGE, ALL INPUTS -0.3 to Voo +0.3 V 
DG INPUT CURRENT, ANY ONE INPUT? 0.0.0... cece eee e ences ee eeeceeuscuevaetaeeteasbesestatbestbabeetueeettrcsccs +10 mA 
POWER DISSIPATION PER PACKAGE (Pp): 

FOR TA#=20 10 +609 C's is cicops cascade os a rene waaren ee bvwlragaiedsaue Poaad aide a nep oe guaiec abis Cole ohne teatvdderaaleahe tiesibate 500 mW 





STORAGE TEMPERATURE RANGE (Tato) .. 0... cee cess cence sett ees seeveteteecennaneeeeeuneeres Pea Ma eh Siete ~55 to +126°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 108 MAX... . eee eee e cece ccceccteecccettseunnesnseeeeceeuennns +266°C 


*Pin 36 limited to +5 mA. 


STATIC ELECTRICAL CHARACTERISTICS 
Ta=25° Cc, Vpo=5 Vv, Vss=0 V 















Ca 
: ae 
Operating Current itep | Display Operating [| _—_| 
[Oscillator Input Gurren’ Tonlow [=n Cid tO] pA 
[Segment Rise and Fall Time | tats | G-200pF_-'[| — | 05 | — | ss 
[Backplane Rise and Fall Time | tetw | _G.=5000pF___| — | 18 | — | ys 
[Oscillator Frequency | foc | Pin 36 Floating | — | 16 | — | kHz 
[Backplane Frequency | fr | Pin 36 Floating | — | 126 | — | Hz 
eos eee 
[input Low Voltage SSS dP CSCCd | | 
input Leakage Current_[ | Pinsav-a «i — | e0ot[ #1 | pA 
ins 27-34 Pas f= 
a 
ae oe ae 


DYNAMIC ELECTRICAL CHARACTERISTICS 
Ta=25°C, Von=5 V, Vss=0 V 


SYMBOL CONDITIONS TYP, UNITS 


Data Hold Time See Timing Diagram 


Poo [me | 
Data Setup Time See Timing Diagram } 50 | ons | 
inter-Chip Select Time See Timing Diagram | 1 | ws | 














CD22105, CD22105A 


04 D3 o2 Ol 
SEGMENT SEGMENT SEGMENT SEGMENT 
OUTPUTS OUTPUTS OUTPUTS OUTPUTS 

20] 21/22) 23/esi2e2s) 13) (Sj 16] 17] 19] (8} Gt 7] Bf StO/ t2j i = 3738/39/40) 2) 4; 3) 


WIDE WIDE 
ORIVER DRIVER 


WIDE 
DRIVER 








WIDE 
DRIVER 
























































7 WIDE ane 7 | 7 WIDE LATCH | LATCH 
ia Vop 
DATA 
% (INPUTS 
DIGIT DISABLE \ 
we [SELECT DISABLE J Ss 
CODE OISABLE * 
{NPUT 
PROTECTION 
NETWORK 
CHIP 
SELECT 
SCILLATOR 6 OSCILLATOR BACKPLANE 5 * 
INPUT FREE RUNNING DRIVER BACKPLANE 
INPUT/OUTPUT 
DETECTOR | 





' oO 35 92CL-33049Rt 
Yop Yss 


Fig. 1 - Block diagram of CD22105 and CD22105A. 







































































i AMBIENT TEMPERATURE (T, )*25*C AMBIENT TEMPERATURE {Tal#25ee 

I 

if 

Pa: fi ig 
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5 Fe 

Ss 3 

pa wt 

FA © 5 

5 ¥ 100 pF 

g z e200F 

fad < 25 

FA a 

° 1 2 3 4 5 € F 8 ° ) 2 3 4 5 6 ¥ 
SUPPLY VOLTAGE (pp) SUPPLY VOLTAGE Wye v 
9203-36469 9208-36470 
Fig. 2 - Typical operating current as a function Fig. 3 - Typical backplane frequency as a 
of supply voltage. function of supply voltage and 


external capacitance on pin 36. 
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CD22105, CD22105A 


cst (cs2) a eee ee ae 


cS2 (CSI) 


DATA + DIGIT 
SELECT CODE 


















92CM—36474 
Fig. 4 - CD22105, CD22105A timing diagram. 
D4 D3 D2 bt 
ae “7 “7 £7 
a) L/ LO L/ 
1 
2 ol 
3 
4 
5 osc 
6 4 GND 
7 § 2 lenip 
on ; SELECT 
N 
9 o 2) DIGIT 
S 7 | FROM 
ese iy Sane” | East 
° COUNTERS 
8 83 ta [AN CONTROL 
2 B2} 0A CIRCUITS 
x INPUTS 
S BI 
2 Bo 


04 


9ZCM-36472 


Fig. 5 - Test circuit. 
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Table | — Output Codes 


Binary Input | Hexadecimal | Decimal | 
83 B2 B1 BO | CD22105 _{CD22105A] 
0 0 0 0 ul ! 















aa a as 
in ie 
0 0 0 ere Cee 
rie a aoa ae 
Tez Tas De ies PS 
0 3 0 O 
rh = 
a  -e 
5 Da] 
3 
ae a ee aed 
ares ieee ee 
Tees ea ee eas 
pit ann | 
92CS-33150 


DISPLAY SEGMENTS 


9208-31376 


New inputs from uP are 
written into input latches 





CD22105, CD22105A 
CHIP-SELECT TRUTH TABLE 









Inputs from uP are latched 
In Input latches, decoded, 
and passed through 
selected (1 of 4) output 
latch to update selected 
digit 


















OSCILLATOR 
FREQUENCY 
}+— 28 CYCLES 


BACKPLANE 
INPUT/ OUTPUT 


ess CYCLES 1=-64 oretese| 
OFF SEQMENTS | | 


ON SEQMENTS ‘ 


92CS-3647! 


Fig. 6 - Display waveforms. 
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CD22301 
PCM Line Repeater 


Features: 

s Automatic line buildout 
a 5.1 V supply voltage 

s Buffered output 


Applications: 


a 111,544 Mbits/s bipolar carrier system 
@ 17148 2.37 Mbits/s ternary carrier system 


The RCA-CD22301 monolithic PCM repeater circuit is 
designed for T1 carrier systems operating with a bipolar 
pulse train of 1.544 Mbits/s. It can also be used in the T148 
carrier system operating with a ternary pulse train of 2.37 
Mbits/s. The circuit operates from a 5.1 V + 5 % externally 
regulated supply. 






ALBO ALBO 
GND SUBSTRATE BIAS 


ALBO 
OUTPUTS 


PREAMP 
INPUT 


PREAMP 
. OUTPUT 


DATA 
DETECTOR i 
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Fig. 1 - Functional block diagram. 





Preliminary Data 


ALBO GROUND SUBSTRATE 


AL@O | OUTPUT ALBO BAS 
AL8O 2 OUTPUT osc Gas 

AL@O 3 OUTPUT LE TANK INPUT 

PREAMP INPUT + Yee ; 
PREAMP INPUT — CLOCK LIMITER OUTPUT 
PREAMP OUTPUT+ TIMING PULSE INPUT 
PREAMP OUTPUT — OUTPUT PULSE ¢ 
Yee OUTPUT PULSE 2 


92Cs- seers 


CD22301 


TERMINAL ASSIGNMENT 





The CD22301 provides active circuitry to perform all 
functions of signal equalization and amplification, automatic 
line buildout (ALBO), threshold detection, clock extraction, 
pulse timing, and buffered output formation. 


The CD22301 is supplied in an 18-lead dual-in-line plastic 
package (E suffix). 





PHASE 
SHIFT 








PULSE 
OUTPUT 











i 









CD22301 
MAXIMUM RATINGS, Absolute Maximum Values: 
At ambient temperature (Ta) = 25°C 
DC SUPPLY 00... ccc cece cece eee ee eet tent e teense tne neceeeeaanenenen sees easeeeressaee ses eaeesenes eee e asses esse sess eee cee 10V 
DC CURRENT (Into PIN 9 OF 10) 6... cece cece eee ene renee eee e teeta ee cree eee eee n eae e enna seen esses sess ease sess ees 25 mA 
PEAK CURRENT (Into Pin 9 OF 10)... ccc cee ccc eee e een eee nen cnet eee area eeu e ene ee ena eee eT EES SEES E eee EES 100 mA 
INPUT SURGE VOLTAGE (Between Pins 5 and 6, t= 10 M8)... ... cece eee e teeter eee e tne t ence teen eeeraenaasaa caesar seers sees 50V 
OUTPUT SURGE VOLTAGE (Between Pins 10 and 11, t= 1MS) .... cece cere een e cnet eee e tern renee n en enennecerenesera eases 50 V 
POWER DISSIPATION PER PACKAGE (Po) 
For TA = -40 00 tBO0°CS occ cece cece cee ee nen nnn REE E EE EEE EE EEE EEE ESET EDC E EEE ERT SEE EEE SEER CETTE E TE EES 500 mW 
For TA = +60°C to tB5°CO occ eee ne ee EEE EEE Ee EEE REET EEE EERE EES Derate linearly at 12 mW/*C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For Ta = Full Package-Tempoerature Range 00... ieee cece nent ee teen rete nen ene tees ee Eee EE aS pea yen tevees 100 mW 
OPERATING TEMPERATURE RANGE (TA). ......00 see eee e eee e reece eens ncdtirecataltuanin shears eereinial 40 to 485°C 
STORAGE TEMPERATURE (Tstg) 0.0... ccc cece cee tee eee een een eee eee eRe EEE EEE ETERS TEE EERE EEE Suet ~65 to +150°C 
LEAD TEMPERATURE (OURING SOLDERING) 
At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from Case for 108 MAX. 2.6... eee e cece ence ene een teeter e tenes tat enees +256°C 


STATIC ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vcc = 5.1 V + 5% (See Fig. 2) 



















LIMITS 
UNITS 
ae To 


CHARACTERISTIC 





DC VOLTAGES 
Pins 2, 3, 4and 17 





Pins 5,6, 7 and8& 
Pins 10 and 11 
Pins 12, 13, 15 and 16 


OC CURRENTS 
Pin 14 
Pins 10 and 11 


PULSE OUTPUT 
* C, AND L, RESONATE AT 1.272 MHz 9208-34932 


\ Fig. 2- DC and output pulse test circuit. 
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CD22301 


DYNAMIC ELECTRICAL CHARACTERISTICS 
Ta = 25°C, Vec = 5.1V + 5% 















LIMITS 
CHARACTERISTIC UNITS 
samo. | me |vore | [vr [oe 


Preamplifier Input imedance | zn | | [aw | — [ - [ ro | 











Clock Drive Current 


Notes: 
1. No signal input. Measure voltage between pins 7 and 6. Continue increasing AV until the DC level at the clock 
: terminal drops to 4 volts. 
2. Measure clock limiter input impedance at pin 15. 7. Continue increasing AV until the ALBO terminal rises 
3. Adjust potentiometer for 0 volts. Measure ALBO off to 1 volt. 
impedances from pins 2, 3 and 4 to pin 1. 8. Turn potentiometer in the opposite direction and 
4. Increase potentiometer until voltage at pin 17 = 2 Vdc. measure negative threshold voltages by repeating 
Measure ALBO on impedances from pins 2, 3 and 4 to tests outlined in notes 5, 6 and 7. 
pin 1. 9. Set ein = 2.75 mV(rms) at f ~ 1.185 MHz. Adjust 
§. Adjust potentiometer for AV = 0 volts. Then slowly frequency until maximum amplitude is obtained at pin 
increase AV in the positive direction until pulses are 15. Observe output pulses at pins 10 and 11. 
observed at the DATA terminal. 10. Adjust input signal amplitude until pulses just appear 


in outputs. Increase input amplitude by three dB. 





92CS~- 34929 


Fig. 3 - Preamplifier gain and impedance measurement circuit. 











CD22301 













! 

2 

3 

* cozzao: '® 

5 14 Ovoc:8-1V 
6 3 

? 2 

8 TT 

9 10 





9208-34930 


Fig. 4 - Tast circuit for impedance measurement. 


O Voc? 8-1 V 






2.75 Vrms 
O@!.185 MHz 
INdIS2 
1309 
92CS-34031 


Fig. 5 - Test circuit tor threshold voltage measurement. 








Se , 
I | 
19% —L ahs 
Gamay end | t | | 
et m1, co 
9208-34933 


Fig. 6 - Output pulse waveform. 
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CD22401 


CMOS 16-Channel Precision Timer/Driver 


Features: 


u Provides 17 precision-timed output 
pulses 
« Variable output pulse width as a 


= Static operation- shift register and 
timers can operate at DC and still 
retain counts and data levels 


i 


function ofan external timer clock = For multiple device use, shift 
frequency registers can be cascaded 
= High source current drive output = Provides inherent serial-to-parallel “EB Suttt 
pulses- up to 15 mA using bipolar data conversion BU 
drivers = Offers output disable capability 40-Lead Dual-in-Line 
« Serial data interface via shift using inhibit features Plastic Package 
register 8 Low power CMOS logic 
= EP inputs provide added control # Input/output protection circuitry 


logic flexibility for output 
selection in addition to shift 
register data 


The RCA CD22401 is a precision timer/driver. it is an 
interface circuit and has been designed to provide critically 
timed output pulses for high-speed printers. The device is 
fabricated using CMOS enhancement-mode technology 
with the resulting low power consumption. 


The circuit consists of a 16-stage (optionally 17) shift 
register with each register output connected to a latch and 
its respective timer and output buffer stage. Thus, there are 
17 latches, timers, and driver (output buffer) stages. The 
output driver pulse width is a function of the timer clock 
frequency, since it depends upon a fixed count in hardware. 


Data is fed serially into the shift register by means of the 
shift register clock. Then the input sequence is strobed out 
in parallel to the shift register latch. A particular output is 
turned on (pulsed high) if the associated latch holds a logic 
“1” and when the proper enable signal is activated. 

‘ Simultaneously, the enable signal starts the associated 
timer which controls the output pulse width. After a time 
period of 100 negative edges of the clock (99 to 100 clock 
pulses), the output is turned off. This provides timing 
accuracy within 1%. 


The CD22401 is supplied in the 40-lead dual-in-line plastic 
package (E suffix) and in chip form (H suffix). It is useful in 
applications requiring precision pulse widths. 


Register Operation 


In operation, a serial string of 16 (17 using the optional 
flip-flop) bits is fed into the shift register (see Fig. 4 for shift 
register timing). Ones (“1s”) determine an output drive 
pulse and zeros (“Os”) indicate no drive. Any one output 
enable (EP) line is connected to four selected timers giving 
the potential for four outputs per one EP pulse with the 
exception that EP5 connects one timer only. EP lines may 
be connected to each other. 
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After a sequence of 16 bits (or 17) is serially loaded into the 
shift register, a strobe pulse activates the latch so that the 
register data “word” is transferred out in parallel into the 
register latch. Here the data waits until an active enable 
signal combines with a “one” from any latch at which time 
the counter begins and the respective output driver goes 
high. The output will continue high until the counter 
achieves 100 negative edges. It has been assumed that the 
output inhibit control has not been activated. The inhibit isa 
control which gates the output “OFF” and can thereby 
prevent start-up or transient situations. 


The register latch has 17 outputs each of which feeds its 
respective timer (one timer circuit for each output from the 
register latch). Also, each timer provides access to an 
output driver. 


Timer Operation 


When the timer begins counting and the output goes high, 
the latch is held reset to prevent retriggering before the 
count is finished. 


During start-up (before reliable count operation), the timers 
need 128 clock pulses at the timer inputs to guarantee a 
reset condition before enable pulses are applied. 


After an output pulse goes low (becomes inactive), seven 
clock pulses should be applied at the timer clock input 
before any timer is retriggered by means of an enable and 
data “one” combination (repeat of another output pulse at 
same pin). 


The data and the enable pulses together control which 
combination of timers and driver stages become activated 
to produce output pulses. 














CD22401 
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et} a fF 
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16- BIT REGISTER) | a} 5 oD @ 
tf. tae eg 
+> 8 a A 
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CLK 92CL-3522iRt 
NOTES: OATA ERE SU DE EOSLER AT FFI6.FFt HOLDS 
TO MAIN REGISTER AT FFI. 
2 DI7-DATA IN TO I~ BIT REGISTER. 
Fig. 1 - CD22401 biock diagram. 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vop) 
(Voltage referenced to Vss terminal) .......... 00.0.6 c cece cece eceececsee ca estaseaeeeeetueeutveeuenesunvuetetnceecs -0.5 to6.5V 
INPUT VOLTAGE RANGE, ALL INPUTS .....0.. 0.000 c ccc ccc ce ces ea ee eetueeeueeaeeeteuatenetttbnrtece. -0.5 to Vop +0.5 V 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = O°C to 70°C (PACKAGE TYPE E) ..... 0... occ ccc e cece enc ea eee c ees cucevastaeeaseuettaeeuetvareaeveevnnenes 500 mw 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE... 0... eee e ccc cee ceccaceecaceeeueteteeeutsatnenetbeseccenecs 100 mW 
OPERATING-TEMPERATURE RANGE (TA) ......... 0.0... c ccc ccec cet eeeeeeseatec esta teeeeege tebe ten bene cee 0°C to 70°C 
STORAGE-TEMPERATURE RANGE (Tstg) ..... 00.00... c cece cee ec cece neces cee eea teat eeeeeee ent ent ieee bbe tbe cece -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) from case for 10S MAX. ........ 6. ccc ecc cae eaceessceceuseeeceecececccencces +265°C 


—_—_— 
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CD22401 
RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operation is always within the 
following range: 


CHARACTERISTIC 


Supply Voltage Range (For Ta = Full Package Temperature Range) fe elt Oe 


STATIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Vop = 5 V 


CONDITIONS Frye. | max. 


Input Low Voltage pf 
Input High Voltage eae eee er a ee 
Output Voltage Low-Level VoL Vin = Vin or Vie Paes 










CHARACTERISTIC 












fo. = 1.6 mA ¢ 


lol = 1mA* 










Output Voltage High Levei Vin = ViH or Vie 


jon = 5 mA * 
loH = 10 mA * 
lon = 15 mA * 
loH = O wA F 


* Output Pins 23-39 
t+ Output Pins 8, 10 EP5 


ENABLE =o 
pucse ) EPS 


CLOCK TEST OUT gTO 

DATA TEST OUT DTO 

BIT 17 0UT  BI7 

DATA” DI7 

BIT 1 oUT* B01 

SHIFT REGISTER CLOCK SRC 
SHIFT REGISTER CLEAR CLR 
DATA I6 BITS ** DIG 


ODN Aan SUN — 


NOTE: WHEN USING CD22401 
PIN 19 SHOULD BE 
TIED TO Vgg (OR Vpp). 
PINS 6,7,17,18,21, AND 
22 SHOULD BE LEFT 





STROBE IN STB OREN: 
TIMER CLOCK TMC 
INHIBIT TNH 
st outputs) o* 
ie TD! 
T INPUT TEST CELL 
TEST INPUT GI TSS S 
Vss TEST CELL 
INPUT 


“INPUT TOIBIT REGISTER 
* OUTPUT OF 16 BIT REGISTER 
* *iNPUT TO 16 BIT REGISTER once: seecinI 


TERMINAL ASSIGNMENT 
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CD22401 


DYNAMIC ELECTRICAL CHARACTERISTICS At Ta = 25°C, Input tr, t= 20 ns, CL = 50 pF 


TEST CONDITIONS 










CHARACTERISTIC 


Timer Clock Frequency trot 













Timer Clock Pulse Width twrot 
Timer Clock Rise and Fail Time trek, tick = [- | -][ 2 | moc | 
| — | so [ - | - [nsec | 
Inhibit Output Turn-Off Delay fPHL) ee ae ee ee 
ee ccs 
Inhibit is OFF tPLHt 
Enable Pulse (EP) Width twHep 
= 
Width * twr 








Ss 
Output L-H Transition Time trLH 


Output H-L Transition Time trHe 


Output Turn-On Prop. Delay Time teLH 


Output Turn-Off Prop. Delay Time {PHL 
High-Level Output Driver 

Pulse Width tout 
Shift Register Input Clock 

Frequency tisrAct 
Shift Register Clock Pulse 

Width twsAcL 
Shift Register Data Set-Up 

Time tsetup 
Shift Register Data Hold 

Time tsRHOLD 
Shift Register Data Pulse 

Width twsap 
Shift Register Data Output 

Prop. Delay Time tPDLH 


Shift Register Clear Pulse 
Width tsACLA 


nsec 





Timer Clock 
Pulses 













nsec 












nsec 







nsec 











* Data from shift register must be stable at time of transfer. 
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CD22401 


AC Waveforms 


BY | | | | 


(a) FULL TIMING CYCLE 


Tesrce 
twsace -— is 6 
oi ie SE a ee Snag ee eg a 
a oy aes fae 





B17 


= ‘pDLH 


(b) EXPANDED TIMING CYCLE DETAIL 92CL-35203RI 


Fig. 2 - Functional timing diagram-shift registers function. 


--- * touy IS TO BE 99-100 TCK PULSES LONG 
SRC | | | | | | | | 







TIMER CLOCK IS TO EXPERIENCE |e tPLH 


t 
=~ PHL 
128 CLK PULSES BEFORE STARTING SS Ct = 


tour COUNT (BEFORE EP Is ACTIVATED). 
92CM-36462 


Fig. 3 - Functional timing diagram-shift registers function. 
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AC Waveforms (cont'd) CD22401 


7 74 T 5 ( 
SR CLOCK (_2 3 4 5 6 89 10 ff _ 12 13 14 15 16 1 (2.53 4 5 6 8.9 Ota 
PULSE br toot l 
! J ! ' { 
CLR SS eee 
| 


near $m ny rit im 


92CM-35204R1 





Fig. 4 - Functional timing diagram-shift registers function. 


SRC 


EP 





TOK 











OUTPUT 








PROPAGATION DELAYS ARE MEASURED 50%- 50% 


92CM-35205RI 


Fig. 5 - Functional timing diagram-shift register function detail. 
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CD22413, CD22414 Types 


CMOS Pulse Code 


Modulation Sampled — 


Data Filters 


The RCA-CD22413 and CD22414 are 
sampled-data, switched-capacitor filters 
intended for use in PCM CODEC systems 
or other telecommunication systems re- 
quiring band limiting. Transmit and receive 
filters in both devices are 5-pole elliptical 
types, operating ata sample rate of 128 kHz. 
In addition, the CD22413 contains a 3-pole 
Chebyshev high-pass filter in the transmit 
section that provides 50/60 Hz and 15 Hz 
rejection. Both devices also include two op- 
erational amplifiers which may be used as 
building blocks in a system. 


A 50% duty-cycle clock on the convert- 
clock input (CCl) determines the cutoff 
frequencies for the filters. The cutoff fre- 
quency (fo) is given by the equation; fo = 
0.02422 X Clock Frequency. Normally, the 
clock frequency is 128 kHz for a cutoff fre- 
quency of 3100 Hz. The master sync input 
(MSI) should be 8 kHz and have it's low-to- 
high transition coincide with each new 
PAM sample received at Receive-Filter-In 
(RX1). RXi wili accept 19% to 100% duty 
cycle PAM at 8 kHz. 


Timing and synchronization signals (CCI 
and MSI) may be made either TTL- or 
CMOS-compatible through use of the 
Logic-Shift Voltage (VLS) input. Specific 
input conditions are listed in the table of 
Logic-Shift-Voltage inputs. The analog 
ground (VAG) should be held at approxi- 
mately (Voo-Vss)/2. If VAG is within one voit 
of Vooe the chip will be powered down. The 
CD22413 is pin-compatible with the 
MC14413; the CD22414 is pin-compatible 
with the MC14414. 


The CD22413 and CD22414 are supplied in 
16-lead hermetic dual-in-line ceramic 
packages (D and F suffix), 16-lead dual-in- 
line plastic packages (E suffix), and chip 
form (H suffix). 





TOP VIEW 
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TERMINAL ASSIGNMENTS 


Preliminary Data 


Features: 
s Single supply (10V-16V) or dual supply operation 
= Transmit bandpass and receive low 

pass filters (CD22413) 
® Transmit and receive low pass filters (CD22414) 
= 30 mW (typ.) operating power 


Von "!6 Vgg"@ 


FUNCTIONAL DIAGRAM 





MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpo) 


(Voltages referenced to Vss Terminal) ..... ccc ce cece rene cence rene ner sen sane nena -0.5 to +18 V 
INPUT VOLTAGE RANGE, ALL INPUTS ..... cs cscee teeter cnet erento nnenees -0.5 to Von +0.8 V 
OC INPUT CURRENT, ANY ONE INPUT ......... cece eee n cece tenn etn cree ene eneetnenee +10 mA 
POWER DISSIPATION PER PACKAGE (Pp) 

For Ta = —40 to + 60°C (PACKAGE TYPE E) ..... cee cce see c cree scene eeneneernnenesen ees 500 mW 

For T, = +60 to +85°C (PACKAGE TYPE E)..,.....005- Derate Linearly at 12 mW/*C to 200 mW 

For Ta = -55 to + 100°C (PACKAGE TYPES D, F) 00... ..c cece reece ener eee eter enna nes 800 mW 

For T, = +100 to +125°C (PACKAGE TYPES D, F) ..... Derate Linearly at 12 mW/*C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

For Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types).......cseeseres 100 mW 


OPERATING-TEMPERATURE RANGE (Ta) 
PACKAGE TYPES D, F,H .. 





PACKAGE TYPE Ew... sete cece cere reer ne tener en etenenns 
STORAGE TEMPERATURE RANGE (Tag) .. 0. see cere rete r cence setenv ener ee nenetnee -65 to + 150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 S$ MAX......... eee eee ees + 265°C 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges: 





LIMITS 


DC Supply Voltage 
(For Ta = Full Package 
Temperature Range) 


Convert Clock Frequency 


Master Sync Frequency 


RECEIVE 
FILTER 


TIMING 
92C8~ 53226 





Pa LEVEL SHIFT 


Fig. 1 - Block diagram of CD22413 and CD22414. 
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CD22413, CD22414 Types 


DIGITAL ELECTRICAL CHARACTERISTICS (Vas = 0 V, Ta = 25°C) 


4 || 
penwmacremsne ae FT [| unr 
es ee eT 


| Operating Current it | Operating Current it 
Power-Down Current, (PDI = Vas) Ts ate} = {6} —— 
[input Capacitance Cw 12] — | 6 | 78 | oF _| 








MODE CONTROL LOGIC LEVELS 






' 
LTS 
CHARACTERISTIC _|ve[ [ye [| unis 


VLS Power-Down Mode 11 
14 
VAG Power-Down Mode H 11 Vv 
15 14 - 
somersarea EET TEE 
18 














CMOS LOGIC LEVELS (VLS = Vss) 


ie 
CHARACTERISTIC 


tnput Current 
ccl 
MSI “1” Level 
(Internal Pulldown Resistors) “0” Level 
Input Voltage CCi, MS 
“0” Level 



































“1” Level 









CHARACTERISTIC 


Input Current Vow 

cc 
MS} “4” Level 
{Internal Pulldown Resistor) “0” Level 
Input Voltage CCI, MSI 
“O" Level 
“1” Level 

















p- 
3 


| Typ. | Max. | 
LA 
—0.00001 
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CD22413, CD22414 Types 


ANALOG ELECTRICAL CHARACTERISTICS (Voo = 12 V, Ta = 25°C) 








CHARACTERISTIC 


Input Current, (RX!, TXI, VAG) 
AG Input Impedance 
(1 kHz) (RXI, TXi, VAG) 
Input Common Mode 
Voltage Range 
(TXI, RX!, +A, ~A, +B, ~B)} 
Input Offset Current poet tet 
(+A to -A, +B to —-B) tin tNPUT FREQUENCY: He 
Input Bias Current 
(+A, -A, +B, ~B) 
Input Offset Voltage Fig. 3 - Receive filter typical and minimum per- 


(+A to -A, +B to -B) formance for CD22413 or CD22414 with 
Output Voltage Range sinx x correction included. 


(AO, BO, TXO, LPO, RXO) 

(Ru = 20 kQ to VAG, Re = %) 
(R. = 600 © to VAG, Re = 1.6 kQ to Von) 
(Ru = 900 9 to VAG, Re = 1.8 kQ to Von) 
Small Signal Output 
Impedance (1 kHz) (TXO CD22413) 
(LPO CD22414) 
(RXO) 









-o} L 








Vout’ ¥in-dB 





































































92Cs 33234 




















Output Current 
(Von = 11V) 
(TXO, LPO, RXO, AO, BO) 
(Vo. = 1V) 
(TXO, LPO, RXO, AO, BO) 





RECEIVE FILTER SPECIFICATIONS (Voo ~ Vee 12V, CC! = 128 kHz, MSI = 8 kHz. 
includes sinx x correction, Vin = 0 dBmd, full scale = +3 dBmd, 7 Vp-p, Ta = 26°C) 





CHARACTERISTIC 


Passband Ripple 
(50 Hz to 300 Hz) 
Out of Band Rejection 
3400 Hz 
4000 to 4600 Hz 


40.15; 








4600 to 64 kHz cis 
Output Noise \77| 
(RXI = VAG) 
Dynamic Range ames Ta a 74 pit 28 


| Vour7Vin-8 
























































500 | 
Differential Group Delay fw input FREQUENCY-r 
1159 to 2300 kHz Delay 
1000 to 2500 kHz Delay 


800 to 2700 kHz Delay Fig. 4 - Receive filter typical and minimum 


Note 1: Referenced to passband minimum. Note 2: Referenced to 900. ee performance for CD22413 or 


92CS8-33235 
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TRANSMIT FILTER SPECIFICATIONS (Voo-Vee = 12 V, CCl = 128 kHz 
MSI = 8 kHz, Vin = 0 dBm0, full scale = +3 dBm0, 7 Vp-p, Ta = 25°) 





LIMITS 


UNITS 


CHARACTERISTIC 


Passband Ripple 
Rejection See Note 1 
60 Hz CD22413 only 
180 Hz CD22413 only 
3400 Hz 
4000 to 4600 Hz 
4600 to 64 kHz 
Output Noise 
(300 to 3400 Hz) 
Dynamic Range 
(7 Vpp Max) 
Differential Group Delay 
1150 to 2300 kHz Delay 
1000 to 2500 kHz Delay 
800 to 2700 kHz Delay 
Note 1: Referenced to passband minimum. 





CD22413 
CD22414 


SWITCHING CHARACTERISTICS (Vpo - Vss = 10 V, Ta = 25° ee 








CHARACTERISTIC 


Input Rise and Fall Time, t,, t CCl, MSI 

Clock Pulse "Frequency, for 
Set Up Time, tsu 
MS} Rising Edge to CCI Rising Edge 
(CCl = 128 kHz)* 
“Specifications assume use of 50% duty cycle for clocks. 












+1gu ~tgu 


CCL (CONVERT CLOCK) 


MSI (MASTER SYNC} 


92CM-33542 
Fig. 2 - Switching characteristics wave forms. 


LOGIC SHIFT VOLTAGE INPUTS 
LOGIC INPUT (CCI AND MSI) 

VSS < VLS < VSS + 0.8V CMOS 

VDD - 1V < VLS < VDD POWER DOWN 

VSS + 2V < VLS < VDD - 2V_| TTL (VLS + 0.8V < INPUT < VLS + 2V) 


















CD22413, CD22414 Types 





; 








Vour/ Vin-sB 
; i 
i=3 


a 
i] 
ie 















































4 66 2 4 68 z 4 


e 
10 th 5 
fin INPUT FREQUENCE-Hr 


92CS- 33236 
Fig. 5 - Transmit filter typical and minimum 
performance for CD22413 or CD22414 

using Figs. 11 and 12. 





° 





7 Yout’¥in-48 


e 
& 















































2 4 68 2 468 2 4 686 


Tia INPUT FREQUENCY-Ht 
8 s2ca- 32237 


Fig. 6 ~ Transmit filter typical and minimum 
passband performance for CD22413 or 
CD22414 using Figs. 11 or 12. 












































ee 4 
tyy°TWeuT FREQUENCY- ‘te 


eaca-33250 


Fig. 7 - Transmit fitter typical and minimum 
passband performance for CD22414. 


2 
bs 
3 
Ed 
3 
> 



































2 4 @6 
tin INPUT FREQUENEY Hi secarinase 
Fig. 8 - Transmit filter typical and minimum 
performance for CD22414. 
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CD22413, CD22414 Types 


“oR” he 
aa 


(28 kHz 

RX OATA 

RX ENABLE 
DATA CLOCK 


TX DATA 

TX ENABLE 

@ kHz 

POWER DOWN 





* 
Rp CAN BE ADDED FOR 600 NOR GOON COAD TO INCREASE SOURCE CURRENT. 
92CM-33229 
Fig. 9 - Typical circuit configuration using the CD22407 CODEC and CD22413 filter (split supply). 


+12 | MCt403 
(OR 
he 







" 128 kHz 

RX DATA 

RX ENABLE 
DATA CLOCK 


TX DATA 

TX ENABLE 

B kHz 

POWER DOWN 


* THESE BYPASS CAPACITORS SHOULD BE 
LOCATED PHYSICALLY CLOSE TO THE = 
IC PACKAGES. 


Fig. 10 - Typical circuit configuration using the CD22407 CODEC and CD22413 filter (single supply). 


92CM-33230 


RI 






cl 2 
vTx —+ 
AD! 
HIGH Ziy 7 V pTOp 
VAG VAG 
LowzZouT 7VpTOp 
VRX Apo 





C1,C2,C3 4700 pF +1% 

4 0.2 pF -20% +80% 
A W2KN LW 1% 

AQ G2OkKN UW th 

RO 223kKN%W 1% 

Ra = 100k “WS «10% 


92CM- 33231 


Fig. 11 - Filter schematic for CD22413 with 60-Hz reject filter. 
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VAG — (Analog Ground) This pin should 
be held at approximately (Voo-Veey2. All 
analog inputs and outputs are referenced to 
this pin. If this pin is brought to within ap- 
proximately 1 V of Voo, the chip will be po- 
wered down. 


+A Non-inverting input of op-amp A. 
-A inverting input of op-amp A. 

AO Output of uncommitted op-amp A 
BO Output of uncommitted op-amp B 
-B inverting input of op-amp B 

+B Non-inverting input of op-amp B 


Vaa This is the most negative supply pin and 
digital ground for the package. 


VLS (Logie Shift Voltage) The voltage on 
this pin determines the logic compatability 
for the CCI and MSI inputs. If VLS js within 
0.8 V of Vas, the thresholds will be for CMOS 
operating between Vop and Vss. If VLS is 
within 1 V of Vpp, the chip will power down. 
If VLS is between Voo - 2 V and Ves 2 V, the 
thresholds for logic inputs at CCi and MS! 
will be between VLS + 0.8 V and VLS+ 2V 
for TTL compatability. 


CCI (Convert Ciock Input) Normally, a 128 
kHz clock signal should be applied to this 
pin to operate both filters at f. = 3100 Hz. 
For other break frequencies use the follow- 
ing equation: fo = 0.02422 f clock. 


MSI (Master Sync Input) This pin should 
receive a low-to-high transition concurrent 
with each new PAM sample received at the 
receive filter input, ADI. A new transmit fil- 
ter output sample will be presented at this 
time. 


TXO (Transmit Bandpass Output — 
CD22413) This is the output of the transmit- 
bandpass filter. It is 100% duty cycle PAM at 
8 kHz. 


LPO (Transmit Lowpass Output — 
(CD22414) This is the output of the 
transmit-lowpass filter. It is 100% duty cycle 
PAM at 128 kHz. 

TXI (Transmit Input) This is the transmit- 
filter input. 

RXO (Receive Output) This pin is the out- 
put of the receive filter. Itis 100% duty cycle 
PAM at the same frequency as the CCI pin, 
normally 128 kHz. 

RXi (Receive Input) This is the receive filter 
input. It will accept 3/16 to 100% duty cycle 
PAM at 8 kHz. 

Voo Nominally 12 volts. 


NOTE: Both VAG and VLS are high- 
impedance units. 
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Rt 










TX LOW PASS 


13 
ADI 


Zjn* 9000 


Vin Max +3 dBm ; 


VAG 


Zour 9002 


RX LOW PASS 
Vout MAX+ 3 dBm MW 


C1,C2,C3_ 4700 pF £1% AS 200 KNAW 1% 
ca 0.2 pF — -20% +80% RE = 169kKN UW 1% 
RY -29BKN UW 1% R7 24k LW o1% 
A2  294kN MW 1% AB 3SKN MW 1% 
RS 223kKN YW 1% R9 1.8 KNW 10% 
Re 100 KN LW 10% R1o |= 900 NW OI 
Ait SOON MW 1% 

92CM-33232 


Fig. 12 - Filter schematic for CD22414 with 60-Hz rejection and 900-Q termination. 
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128 kHz CLOCK 
RECEIVE DATA 
FROM SIMILAR 
TDD 


TRANSMIT 
DATA TO SIMILAR 
ROO 


cr 8 kHz CLOCK 


CIGITAL GND 
‘FILTER BLOCK DIAGRAM 


cs 
ANALOG IN —{ 
TO ADI 


3.5 VP IN=+3dam0 
RS 








ANALOG GND TO VAG 
3,5 VP OUT#+3 dB moO 
ANALOG OUT FROM ADO 
WITH SIN 
ct, C2 2000 pF = -20% +80% X7A 
c3 3900 pF | -20% +80% X7AR 
ca 0.2 nF = -20% +80% X7R 
5, C8, C7 4700 pF 1% NPO 
ca, Ce O1uF = =-20% +80% X7R 
La ak 1% 
a2 30k 1% 
Aa 2ak 10% 
Aa W2k WM 
RS 620k 1% 
RE 223k 1% 
*C8 and C9 should be physically close to the 92CL-33219 


1 CD22414 and CD22407/4 respectively. 


Fig. 13 - Analog transmission test circuit for CD22414 PCM filter and CD22407/CD22404 PCM CODEC. 
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TYPICAL END TO END PERFORMANCE OF RCA CODEC & FILTER 
All measurements made using HP3779B PCM Test Set. See Fig. 13. 


Performance ot 
CD22407/4 
CODEC & 

CD22414 Filter 


Beli System 
D3 Voice Freq. 
Requirements 


SPECIFICATION PUB 43801 


Gain Tracking with 1 kHz tone 
+3 to -40 dBmo 
-40 to -50 dBm0 
-55 dBm0 
Quantizing Distortion @ 1 kHz 
+3 to ~30 dBm0 
~35 dBm0 
-40 dBmo 
-45 dBm0o 





233 dB 
230 dB 
227 dB 
222 dB 








XS 
AY ITE BELL 03 
(\ T 7, 12 SPEC 

NN WAX 


| 


Voice Freq. 
Requirements 


= 
\\ 


SIGNAL TO NOISE RATIO IN 3B 





S+0.5 dB 
=+1 dB 
S143 dB 


INPUT LEVEL (dBm) REFERENCED TO 0 d8mO 
@ 1.02 ke 


g2cs-33212 


Fig. 14 - Signal-to-noise pertormance for 
CD22407 and CD22414. (See Fig. 13.) 





Idie Channel Noise with 
VTX = VAG 
Quiet Code Noise (ail 1’s at 
decoder (RDD) !nput) 
Selective Response @ 
multiples of 8 kHz 
Frequency Response @ 
0 dBm0 input 
50 Hz gain 
60 Hz gain 
200 to 300 Hz ripple 
3400 Hz gain 
4000 Hz gain 
2 4600 Hz gain 
Single Frequency Spurious 
Response 
In band with input 1 kHz 
@ 0 dBm 
Out of band with input 0 
to 12 kHz @ 0 dBm 
Differential Delay Distortion 
1150 to 2300 
1000 to 2500 
900 to 2700 


17 dBrncd 23 dBrncO 


15 dBrnco <15 dBrnco 
See Frequency 


-60 dBm0 Response 








INPUT LEVEL (dBm) REFERENCED TO 0 dBmO 
1.02 kHz 
50 “40 “30 ~20 ~10 1] +10 


GAIN ERROR IN dB 





RCA PERFORMANCE BANO 92¢8- 33210 


Fig. 15 - Gain tracking error for CD22407 and 
CD22414, (See Fig. 13.) 
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<-64 dBmoP 


=-75 dBmoP 


=-60 dB 








COMPOSITE BEI 
OS AND CCITT G7,12 
SPECIFICATION 


92C8-3321t 


Fig. 16 - Frequency response of CD22407 and 
C©022414 CODEC and filter. (See Fig. 13.) 











CMOS 


Preliminary Data CD22859 Types 


Dual-Tone Multifrequency 


Tone Generator 


For Use in Dual-Tone Telephone 
Dialing Systems 


Features 

@ Mute drivers on chip 

m Device power can either be 
regulated dc or telephone loop 
current 

w@ Use of an inexpensive 3.579545-MHz 
TV crystal provides high accuracy 
and stability for all frequencies 


General Description 

The RCA-CD22859 is a CMOS dual-tone 
multifrequency (DTMF) tone generator for 
use in dual-tone telephone dialing 
systems. The device can easily be inter- 
faced to a standard pushbutton telephone 
keyboard, to provide enabling operation 
directly with the telephone lines. 


The CD22859 generates standard DTMF 
sinusoidal dialing tones from an On-chip 
reference crystal Oscillator. The reference 
Oscillator uses an_ inexpensive 
3.579545-MHz color TV crystal to create 
highly stable and accurate tones. The 
Sinusoida{ tones are digitally synthesized 
by a Stair-step approximation. 


One of four low-frequency band row tones 
and one of four high-frequency band col- 
umn tones are selected by driving one of 
the four row inputs and one of the four 
column inputs low. Simultaneous selec- 
tion of more than one row input and/or 
more than one column input will inhibit 
tone generation, or generate a singie-tone 
sinusoid. These Operating modes are de- 
scribed in the functional truth table. 


Control lagic is included to allow easy in- 
terface to standard K500-type telephones. 
Two CMOS outputs Tx, Rx, capable of 
driving external p-n-p receiver and 
transmitter muting transistors are pro- 
vided. A low input to the CD pin, inhibits 
tone generation, turns off the reference 
Oscillator, and causes Tx and Rx outputs 
to logic ‘0’. During tone generation mode, 
CD =1 and Tx, Rx =logic 1. 


All row, column, and CD inputs are pro- 
vided with pull-up resistors to allow the 
use Of SPST switch matrixes. 


The CD22859 types are supplied in a 
16-lead hermetic dual-in-line side-brazed 
ceramic package (D suffix), and a 16-lead 
dual-in-line plastic package (E suffix), and 
in chip form (H suffix). 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY VOLTAGE RANGE (Vp — VSS)... -. 0000 e eect eee een eens -0.5to +12V 
INPUT VOLTAGE RANGE... cect e cree c cues tere ctenneeaeesteneernennin -0.510 Vpn +0.5V 
POWER DISSIPATION, Pp: 
ALT AS SOOO POO co veena heie onc 4 Pons EEE Soa eS im Shw lb eae Pies es 500 mw 
AtTa= +60°CtO +85°C 2... eee cece eee Derate Linearly at 12 mW/°C to 200 mw 
POWER DISSIPATION PER OUTPUT .... 2... ec ee ee terete tnt t nebo nes 100 mw 
OPERATING TEMPERATURE RANGE ............. 0.00 e cece renee eee ene aee ~40°Cto + 85°C 


LEAD TEMPERATURE DURING SOLDERING: 
At distance 1/16 + 1/32 in. (1.59 + 0.79 mm) 


fromcase for 10S Max.  .... eecc ccc cee eee eee te eee e ete t ene ten eee eeeane + 265°C 
DTMF Generator Functional Truth Table 
Inputs Outputs 
Number of Number of 
Column inputs Row Inputs osc 
Keyboard Mode Activated Activated cp Tone Run- RX 1X 
“Low” Low nin 
x x x “gq” None No “Q” “Q” 
No key de- tages “ge uge 
pressed 0 0 1 None No “0 0 
«an Duat Tone deg iis heaps 
0 1 1 Ra,Ct Yes ‘1 1 
1,2,3, or 4 0 oq? None No “0” “0” 
Normal Dialing 1 1 “eq” Dual Tone 
One Key De- ide, tages 
pressed (See Ra,Cp Yes ‘1 1 
Note 1) 
Two or More 2,3, or 4 1 “4" Single Row Yes “1” "1" 
Keys In Tone 
Same Row Ra 
(See Note 2) 
Two or More 1 2,3, Or 4 “4” Single Column Yes “1” “1” 
Keys In Same Tone 
Column Ch 
Two or More 2,3 or 4 1 nye None Yes “4” “4” 
Keys tn Dif- 
ferent Rows 
& Columns 1 1 None Yes “1” “1” 
Where: 


X = Do Not Care 
Ra,Cp refers to Tone Output frequencies corresponding to Row 1, Row 2, Row 3, 
Row 4, Column 1, Column 2, Column 3, Column 4 
a=1,2,3,4 b=1,2,3,4 a=b, ora #b 
1. Corresponds to normal duat-tone operation. 
2. Corresponds to single-tone generation mode. 
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STATIC ELECTRICAL CHARACTERISTICS at Ta = - 25°C to +60°C 


CHARACTERISTIC Vpp Vo LIMITS 
v) (Vv) 
mV rms 


Tone Outputs (R, = 82) 
[ mV rms | 


Vo(CL); Single-Tone 
Output, Coijumn* pitas 
P= fee 










700 








| x00 | 
Vo(RL); Single-Tone 
Output, Row** bin 


eee 
a8 







eer 
ee ed 
1.7 1.2 
10H (Source) 10 ce | 28 | 
oui eed 


“Two or more row inputs low, and one column input tow. 
**Two or more column inputs low, and One row input tow. 






Notes: 
1. Distortion is defined as: The ratio of 
all extraneous frequency com- 


band frequency tone, and Vy is the 
high-band frequency tone. 


ponents generated in the voiceband 2. Tone rise time is defined as the time 
0.5 kHz to 3 kHz, to the power of the for each of the 2 DTMF frequencies to 
dual-tone signal, measure across R_. attain 90% of full amplitude, 
measured from the time when a row 
(V424V22 =. ..+Vp2) and column signal are driven low. 
= Vi2+VH2 Pre-emphasis is the ratio of the high- 
group level to the low-group level. 
where V4,Vo, . . . Vp are extraneous Refer to Fig. 1 for standard OTMF fre- 


frequency components in the voice- 


quencies. 


band 0.5 kHz to 3 kHz, V{_ is the low- 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = — 25°C to +60°C 
All voltages referenced to Vss =0 V. 


Pie age 2 | 


CHARACTERISTIC 


No Keydown Mode 


Input Pull-Up Current 
Input Low Voltage (Vj_) Max. 3-10 V 


input High Voltage (VjH) Min. 
“All logic and counters functional. 
**Mute switches remain open. 
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cou! coL 2 coLs COL4 





Row | 697 (699.1) 





' 
2 
ROW 2 770 (766.2) ¥ 
4 
5 
Row 3 852(847.4) 6 
7 
8 

ROW 4 941(948.0) 92c8-32957 

t NOMINAL 
i209 1336 1477 (633 4—— ovuTPUuT 
(216.9) (1331.7) (1471-9) (1645.0) FREQUENCY tT inal Assi t 
nmen 
92Cs- 32956 ormina Ssignm: 





Fig. 1 - Bell and nominal output frequencies {in 
parenthesis) for 3.579545-MHz crystal. 


COUNT CONT. | cou _oIvIDER 
Ci-4g C3" 


€2-42  C4-34 





ROW DIVIDER 
RI-80 =—-R3-66 
R2-73  R4-59 








920M -32959 


Fig. 2 - Touch-tone generator. 
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KEYPAD 
(23 
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* 0 
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Fig. 3- interface with standard K500 telephone 
network. 





Tm 
= 


LUTTE 





Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimen- 
sions as indicated. Grid graduations are in 
mils (10-3 inch). 





100 120 140 150 
i | i { 
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The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a toferance 

—3 mils to +16 mits applicable to the nominal 
dimensions shown. 


Dimensions and pad iayout for CD22859H chip. 








CMOS High-Speed 8-Bit 


Preliminary Data 


Bidirectional CMOS/TTL Interface 


Level Converter 


The RCA-CD40115: is a high-speed 8-bit 
integrated circuit designed to interface CMOS 
logic levels with TTL logic levels on the data 
bus of microprocessor-based systems. CMOS/ 
TTL interface is provided by eight parallel 
bidirectional buffer/evel converters. Buffer 
INPUT/OUTPUT terminals are either inputs 
or outputs depending on the desired direction 
of data flow. A low on both the ENABLE 
and DISABLE control inputs selects the 
direction of data flow from CMOS Inputs to 
TTL Outputs. A high on both control inputs 
selects the direction of data flow from TTL 
Inputs to CMOS Outputs. A low on the 
ENABLE and a high on the DISABLE 
inhibits data flow in either direction and 
places the CMOS Outputs in a high-imped- 
ance (3-state) mode. 


The TTL Input/Output terminals and the 
ENABLE and DISABLE control inputs are 
TTL-compatible without the use of external 
pull-up resistors. The TTL input logic 0 to 
logic 1 transition occurs at a level of 
approximately 1.5 volts. The ENABLE and 
DISABLE inputs may be driven to the Vpp 
rail; therefore, either TTL or CMOS fogic 
drivers, capable of sinking one TTL toad, 
may be used to determine the direction of 
data flow. The large CMOS and TTL output 


Features: 
® Ejght inverting channels with 5V-to-12V 
or 12V-to-5V level conversion 
@ Three operating modes: 
CMOS-to-TTL level conversion 
TTL-to-CMOS level conversion 
Interface off; high-impedance 
CMOS input/output 
® Low propagation delay time: 
CMOS-to-TTL conversion — 10 ns typ. 
TTL-to-CMOS conversion — 30 ns typ. 
= High TTL sink current — 30 mA typ. 
No external TTL input pull-up resistors 
required 
® High speed drive of large data bus 
capacitances 
Input/output and power supply terminals 
located for ease of PC board layout 


buffers in this device have high output sink 
and source current capability and can drive 
the data bus capacitance with a transition 
time of approximately 0.1 ns/pF. This fast 
output transition time, together with the 
small propagation delay time of the device, 
allow high-speed operation. 


The CD40115 is supplied in a 22-ead 
hermetic dual-in-line ceramic package. 


MAXIMUM RATINGS, Adso/ute-Maximum Values: 


OC SUPPLY-VOLTAGE RANGE (Voltages referenced to VSS Terminal) 


Vopis dot ee Ses 
Veo fee B fe oe Velie ab aes & 
INPUT VOLTAGE RANGE: 

Data inputs, CMOS to TTL 

Data inputs, TTL to CMOS 

Enable, Disable Inputs Mere 5 A eS 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —55°C to +100°C ge 3 


For Ta = +100 to +125°C 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


For T, = Full Package-Temperature Range . 
OPERATING TEMPERATURE RANGE (Ty) . 
STORAGE TEMPERATURE RANGE (T,.,) . 
LEAD TEMPERATURE (DURING SOLDERING): 


05 to 126V 
05 to +6V 


0.5 t0 Vp 10.5 V 
05 to Voct0.5 V 
0.5 to Vp 40.5 V 


ee ee ew ewe.) BOO mw 
Derate Linearly at 12 mW/°C to 200 mW 


a 8 100 mw 
—55 to +125°C 
—65 to +150°C 


CD40115 


9205-30246 


Functional Diagram 





Applications: 

@ interface CMOS microprocessor with 
TTL memories and peripheral devices 

® Interface between and within logic 
systems which combine CMOS 
and TTL devices 





t 

2 
5 
4 r= 
5 3 
6 5 
, Fa 
8 o) 
< i 
DISABLE 

NC = NO CONNECTION 

g2CS- 30245 
TERMINAL ASSIGNMENT 


At distance of 1/16 + 1/32 inch (1.59 + 0.79 mm) 
from case for 10s max. of aye hs es, 


TRUTH TABLE 
| Oo | 0 | Convert CMOS Level to TTL Level | 
| 1 | 1 | Convert TTL Level to CMOS Level | 
Oe ee ee 
ee ee ee 
O = Low Level 1 = High Level 


Z = High Impedance on CMOS Output side; TTL side are inputs. 
INVALID = Both CMOS and TTL sides are ON as outputs. 


See Operating and Handling Considerations — Bypassing and 
Unused Inputs. 








+265°C 


* Excessively high currents from Vop to Vss could flow 
in this mode during power turn-on or turn-off if other 
IC’s drive into the bus lines (on either the TTL or CMOS 
side). This high current condition could occur during a 
transient or steady-state invalid mode. 
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Al 














cmos 
INPUT(OUTPUT) 0 
Steve par 21 (20,18,18, 
+4,5,6, 17, 16,15, 14) 
7,8,9) " . 
ss 
ss LOF @ IDENTICAL CIRCUITS Veg ENABLE AND DISABLE ARE 
TTL TYPE INPUTS 
tnput (Output Output (input) | © ANO E OUTPUTS ARE 
Data | Terminal No. | Oata_| Terminat No.| COMMON TO ALL 8 CHANNELS 
Al 2 BI 2s 
ro ; & . 92CM- 30247 
A4 5 Ba 18 
AS 6 85 7 
AS 7 86 16 
A? 8 87 15 
AB 9 BB 4 





Fig. 1 — Functional block diagram. 


STATIC ELECTRICAL CHARACTERISTICS At Tp = 25°C, Vpp = 12 V, Veco =5V 


CHARACTERISTIC TEST CONDITIONS ues UNITS) 








Data Flow — CMOS Inputs to TTL Outputs 
Quiescent Device Current, 
From Vpp Supply, 

From Vcc Supply, 
input Current, 
Output Current, 





















Vin=0,12 V; Any CMOS input 


Von=3 Vv, Vi_=2 Vv 15 mA 
VoL=0.4 V, Viy=10 V 30 












Quiescent Device Current, 
From Vpp Supply, 


From Voc Supply, 


C 
Input Current, Ne V}L=0 to 0.7 V; Any TTL input A 
li |VyH=2.3 V; Any TTL input e 


Output Current, 


pen gt Notroswn nae 
CMOS 3-State Output Leakage 
Current, lout [V¥0=0,12 V, Vin=0,5 V 


Enable and Disable Inputs 
Input Current, 

























Vi_=0 to 0.7 V 
Vin=2-3 V (TTL) 
ViH=12 V (CMOS) 






DYNAMIC ELECTRICAL CHARACTERISTICS At Ta, = 25°C, Von = 12 V, Von = 5 V 


TEST CONDITIONS TYPICAL VALUES 
paki danas [INPUT | OUTPUT| C,-50pF[C,-2000F _| units 
Data-In to Data-Out, 


CMOS TTL 
tect teLH TTL CMOS 
Enable or Disable to 
Data-Out, 
teHz- tPZH- tPLZ: tPZL 
Transition Time, try... tTLH CMOS TTL 
TTL CMOS 

















Propagation Delay Times, 











CMOS High-Speed 8-Bit 
Bidirectional CMOS/TTL 
Interface Level Converter 


Features: 
8 Eight inverting channels with conversion from Vpp to 
Voc orVoc to Vpop 
(4V<Vpp < 12 Vand 4V< Voc <Vpp) 
a Three operating modes: 
CMOS-to-TTL level conversion 
TTL-to-CMOS level conversion 
Interface off; high-impedance on both sides 


The RCA-C040116 is a high-speed 8-bit integrated circuit 
designed to interface CMOS logic levels with TTL logic 
levels on the data bus of microprocessor-based systems. 
CMOS/TTL interface is provided by eight parallel 
bidirectional buffer/level converters. Buffer 
INPUT/OUTPUT terminals are either inputs or outputs 
depending on the desired direction of data flow. 


A low level on the DISABLE input with the ENABLE input 
either high or low, permits conversion of CMOS inputs to 
TTL outputs. A high level on both the DISABLE and 
ENABLE inputs permits data flow from TTL inputs to CMOS 
outputs. A low level on the ENABLE input and a high level 
on the DISABLE input sets both inputs/outputs to the high- 
impedance state. 


The TTL Input/Output terminals and the ENABLE and 
DISABLE control inputs are TTL-compatible without the 
use of external pull-up resistors. The TTL input logic 0 to 
logic 1 transition occurs at a level of approximately 1.5 volts. 
The ENABLE and DISABLE inputs may be driven to the 
Vpp rail; therefore, either TTL or CMOS logic drivers, 
capable of sinking one TTL load, may be used to determine 
the direction of data flow. The large CMOS and TTL output 
buffers in this device have high output sink and source 
current capability and can drive the data bus capacitance 
with a transition time of approximately 0.25 ns/pF. This fast 
output transition time, together with the small propagation 
detay time of the device, allow high-speed operation. 


Pin 12 is an additional Vgg Pin which is connected directly 
to the TTL-to-CMOS converters to avoid oscillation in these 
amplifiers. Pin 12 is connected to Pin 11 through a poly 
resistor which isolated Pin 12 from Vgg switching noise 
(groung noise). 

The CD40116 is supplied in a 22-lead hermetic dual-in-line 


ceramic package (D suffix), 22-lead plastic package (E 
suffix), and in chip form (H suffix). 





CD40116 Types 


DISABLE 


Vgg* lf 12 92CS -32569R) 


Functional Diagram 





= Low propagation delay time: 
CMOS-to-TTL conversion - 25 ns typ. 
TTL-to-CMOS conversion - 30 ns typ. 
(Vpp = 12 V, Voc = 5V) 
High TTL sink current - 11 mA typ. 
No external TTL input pull-up resistors required 
High speed drive of large data bus capacitances 
input/output and power supply terminals located for 
ease of PC board layout 


Applications: 


8 Interface CMOS microprocessor with TTL memories 
and peripheral devices 

= Interface between and within logic systems which 
combine CMOS and TTL devices 





vi ' Vec 
5 2 Bi 
2 
S 3 sz | 5 
8 4 63 5 
5 $ B4| 9° 
a e 
z 6 8s 2 
“ 7 Bs} z 
2 8 87 2 
o 9 es Lad 
ENABLE 10 DISABLE 
Vss It Vss 
92CS~ 30245 


TERMINAL ASSIGNMENT 
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CD40116 Types 


MAXIMUM RATINGS, Absol/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE (Voltage reference to Vss Terminal) 








MD Dsowsiat sis tees 5 date tresses heataseaste oalnce aenaincath a Weatacieis igiirase wcharnaabaa als Wécccashtiovs adbratb eae LOU ues eatheke Do alecitens -0.5 to + 12.8 V" 

NOG io ers i inicm ce abacesetlineh Ggnunnae ate Sin taba Noaobeud ban sheucun teks ach auecuk oedidecaetioee Mt baie s -0.5 to Vpp 
INPUT VOLTAGE RANGE: 

Data Inputs, CMOS to TTL 0. cece cece cee t ences ereberecsevnecuseteeeeteaevettnetcaeneenns -0.5 to Vop + 0.5 V 

Data Inputs, TTL to CMOS 2.02... c cece c cece cece nace eesnaneeeenbeetttuneteseberneneetens -+-°0.5 to Veco + 0.5 V 

Enable, Disable Inputs .......... 0.00. cece cece eee ec eee eeeetuseeteeenseuaseeennetatenetvatcueens -+.°0.5 to Vpop + 0.5 V 
POWER DISSIPATION PER PACKAGE (Pp): 

FOR TAS +402 C10 +602. (Ep: ocak neared sindw nan cde sida Maia brade vn cco ade be hoe ate Brean a tah daiebecw le Meso ahaaeinGitunnliee 500 mW 

For Ta = + 60°C to + 85°C (E) Derate linearly at 12 mW/°C to 200 mw 

FORT A= 255°C to'+100° Ci(D) os 5.1 .Guctiveat tea gatueWeeSaunmancdeas 26 ne eetusbarue auwiiedsobardeieoc bu vueeeude thet aon 500 mW 





For Tp = + 100 to + 125°C (D) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


Derate linearly at 12 mW/°C to 200 mw 


For Ta = Full Package-Temperature Range .. 2.0... 6c. ccc cece ccc e cece ee veneneneseeseueeeeeeneteeeteetepnnrteueaneeees 100 mW 
OPERATING TEMPERATURE RANGE (Ta) 

Package Type Do iscc. ca eahds,ovs ofan oh ceail ohieha Manta Rs acd oaps uate nabs ede se ea abawed lFounrhes sesieba vides +55 to + 125°C 

Package TypeE...................0..00000. athe oss alain eve data ce cau¥gltestsncy, Martie dipcaiatataraas Ssctdualave bhi Bardia oatp Sears, 3 -40 to + 85°C 


-65 to + 150°C 





STORAGE TEMPERATURE RANGE (Tstg) 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance of 1/16 + 1/32 inch (1.59 + 0.79 mm) 
TOMiCASE FOF AD SIMAN dick os veigdels osteo s RUM AE Ate cgiee gee bane vues DU aa sees Sede ws Rew uaeude dated Yale salle Aets he es SU + 265°C 


Yoo Vee Yoo 











DISABLE 
O 5) 
Al TTL 13 
CMOS OUTPUT LINPUT) 
INPUT (OUTPUT) 


O 
21 (20,19, 18, 
2(3,4,5,6, 17, 16,15, 14) Vss 
7,8,9) ENABLE 

O 














ss 
Vss 1OF 8 IDENTICAL CIRCUITS Vsg ENABLE AND DISABLE ARE 
TTL TYPE INPUTS 
input (Output) Output (Input) D AND E ouTPUTS ARE 
Data_| Terminal No. Data _| Terminal No. COMMON TO ALL 6 CHANNELS 
At 2 Bi 21 
A2 3 B2 20 92CM-32570 
A3 4 B3 19 
Aad 5 B4 18 
AS 6 BS 17 
AG 7 B6 16 
A7 8 87 15 
As 9 B88 4 





Fig. 1 - Functional block diagram. 


TRUTH TABLE 


ee a Cree 
Ce 


0 = Low Level 4 = High Levet X = Don’t Care 


Z = High Impedance on both CMOS and TTL sides. 


See Operating and Handling Considerations — Bypassing and 
Unused Inputs. 
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Yoo Yoo 
a [+ 
4/9 TTL To - 
21(20,19,18,17,16,15,14)(_) CMOS # b 
CONVERTER 
De 


cmos 
1 OF e ae 

8 CIRCUITS 2(3,4,5,6,7,8,9) 
vec 


TRUTH TABLE 
FUNCTION 








CONVERT CMOS TO TTL 

CONVERT TTL TO CMOS 

HIGH IMPED. (2) 
X=DONT CARE 





o-xim 
--oj9 


Yop 





OISABLE 
TTL TO 
CMOS #* 

CONVERTER 


ENABLE 
TTL TO 
CMOS # 

CONVERTER 








CURRENT FLOW THROUGH 


: WHEN "F"IS HIGH IT STOPS 
TTL TO CMOS CONVERTER 


Yoo = # PROPRIETARY CIRCUIT 





Fig. 2 - Logic diagram for CD40116. PECM 8453481 


O- 
Qc 
O-> 
STATIC Sieh reaice Vop = 12 V, Vcc =5V 


Limits at indicated Temperatures (°C 
CHARACTERISTIC TEST alues at -55, +25, +125 for O, H Packages 


CONDITIONS Values at -40, +25, +85 for E Packages 
+25 


Quiescent Device Current, ENABLE = 
From Vpp Supply, tpp MAX { ENABLE = 


Data Flow — CMOS inputs to TTL Outputs 
Input Current, hin MAX | VIN = 0, 12 V: 
An EMOS input 





Vit =0to a7 Vv: 7-500 -500 -500 

Vin = 2.3 V; -450 | -350 ~350 

ViH = 5 V; +100 | +100 
Any TTL input 


Output Current, lon MIN 


lot MIN 
. : 
CMOS 3-State Output 


Leakage Current 
Enable and Disable Inputs 





Vit = 0 to 0.7 Vv 
Input Current, Vin = 2.3 (TTL) 


Vin = 12 V (CMOS) 
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DYNAMIC ELECTRICAL CHARACTERISTICS AT Ta = 25°C; Vop = 12V, Voc =5V 
TEST CONDITIONS LIMITS 
CHARACTERISTIC 


Propagation Delay Times, 
Data-In to Data-Out, 


tPHL. tPLH 


Disable to TTL Out, 


tPHZ/LZ 
tPZH/ZL 


Enable to CMOS Out, 


tPH2Z/LZ 
tPZH/ZL 


Transition Time, 
tTHL: tTLH 


~ 


GATE- TO- SOURCE VOLTAGE (Vgq) (2) 


2 
OUTPUT LOW (SINK) CURRENT (Io, }— mA 


OUTPUT LOW({SINK) CURRENT {Io_)—mA 








DRAIN-T0- SOURCE WaLTase (Vps-v pRAIN- TO- SOURCE VOLTAGE ( Vpg)—¥ Secs-34856 
92CS-34535 
Fig. 3 - Typical N-Channel output low (sink) Fig. 4 - Typical output low (sink) current 
current characteristics - CMOS to TTL. characteristics - TTL to/CMOS. 





[SOT AMBIENT TEMPERATURE (Tals 2sc 

















































































































? 3 
~ I 
at IGATE- TO- SOURCE VOLTAGE (Vgg) #12 V = 
ol 3 
Haze 19 30] 
7 as 
Fe & es 
e = 
7 $ 
2 2s) @ 29 
zg = 
z 
2 3 5 
z x 
S25 a 2 10 
5 e 
3 E 
3 a 
8 a oe [ DRAIN- TO source vi TAGE ‘4 0 
GRAIN: TO- SOURCE VOLTAGE (Vps)-¥ ‘ot {Vpg)-v sece-siees 
92CS-34537 
Fig. 5-Minimum N-Channel output tow Fig. 6 - Minimum output low (sink) current 
(sink) current characteristics - CMOS characteristics - TTL tol CMOS. 
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ORAIN- TO - SOURCE VOLTAGE ( Vps)—V ORAIN~ TO - SOURCE VOLTAGE ( Vps)~V 
-$ 74 3 2 = 20 -15 -10 


AMBIENT TEMPERATURE (T,a}#25°C 
GATE -TO- SOURCE VOLTAGE (Vgs)*-5 V 





GATE- TO- SOURCE VOLTAGE (Vgs)* -5V: 


4 
€ 
ak 
3 
4 
5 
H 
i 
€ 
2 
g 
re 
x 
te 
2 
5 
.) 


















































































































































































































































































































































































































































92Cs-34540 
92CS-34539 
Fig.7- Typical P-channel output high Fig. 8 - Typical output high (source) current 
(source) current characteristics - CMOS characteristics - TTL to CMOS. 
to TTL. 
DRAIN-TO-SOURCE VOLTAGE (Vpg}-¥ DRAIN-TO- SOURCE VOLTAGE (Vpg)-¥ 
“5 -4 “3 ~2 +} ° -15 =10 -5 o 
AMBIENT TEMPERATURE (Ta }* 25°C AMBIENT TEMPERATURE (Ta }= 28°C Pi 
< =! I 
f 4 
= 
is 3 GATE-TO-SOURCE VOLTAGE (Vg) *-$ Ho S 
ra z 
Fy Lez 
ATE - Re AGE (Vgc)=-S¥ gs 3 
3 see 
Ls = 20g 
& 2 
3 258 
a = 
z 8 
ox E-i2v ee 
2 z 
2 2 
0 o 
92CS- 34541 92CS- 34542 
Fig.9- Minimum P-Channel output high Fig. 10 - Minimum output high (source) 
(source) current characteristic - CMOS current characteristics ~ TTL to CMOS. 
to TTL. 
AMBIENT TEMPERATURE (3,) ©25°C AMBIENT TEMPERATURE (Ta )#25°C 
% SUPPLY VOLTAGES Vp $ 
3 * 
4 
Se 1 60 7 
al = A 
is 5 Fo aA of 
jz &50 a Se? uh, 
aan = <¥ 
ax + xo 
1-240) = 40 4 
ti w ge’ 
be 3 os 
i= 30) F 30 
ba z 
io iJ t 
2 20 & 20) 
z = 
< 10) = 10] 
< 
3 
100 150 200 ® 50 (00 150 200 
LOAD CAPACITANCE (C, }—pF 9208-34543 LOAD CAPACITANCE (C_ )-9F 
9208-34544 
Fig. 11 - Typical DATA-IN to DATA-OUT Fig. 12 - Typical transition time as a function 
propagation delay as a function of load of load capacitance CMOS-to-TTL or 
capacitance. TTL-to-CMOS. 
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WBIENT TEMPERATURE (Tq )=25°C 
{ slim 
atl 
ail 






















































































FREQUENCY (f)-MHz 
9208-34545 


Fig. 13 - Power dissipation as a function of 
frequency - CMOS to TTL. 

















POWER DISSIPATION PER PKG (Pp)—mW 





4 AMBIENT TEMPERATURE (Ty ) =25°C 
4 
| | 



























































FREQUENCY (f)-MHz 
9208-34566 


Fig. 14 - Power dissipation as a function of 
frequency - TTL to CMOS. 


100 | ne 








3. 
4 
6 | 
16] 
ai 
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ee 
(0.102-0.254 


109-117 
(2.769-2.971) 





92CM-34547 
The photographs and dimensions of each CMOS chip representa Dimensions in parentheses are in millimeters and are derived from 
chip when itis part of the water. When the wafer is separated into the basis inch dimensions as indicated. Grid graduations are in 
individual chips, the angle of cleavage may vary with respect to mils (10-3 inch). 


the chip face for difterent chips. The actual dimensions of the 
isolated chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance of —3 
mils to +16 mils applicable to the nominal dimensions shown. 


Dimensions and Pad Layout for CD40116H 


694 








High-Reliability CMOS IC’s 











RCA High-Reliability CMOS IC’s 


MIL-M-38510 CD4000-Series CMOS IC’s 


The purpose of the MIL-M-38510 program is to achieve 
standardization among integrated-circuit suppliers and to as- 
sure delivery of devices whose long-term life will satisfy the 
requirements of the system for which they are intended. Three 
reliability classes — S, B, and C — are described in 
MIL-M-38510; the screening tests for these reliability classes 
are performed according to MIL-STD-883, Method 5004. 
Class S devices are of the highest reliability level and are in- 
tended for critical applications where replacement of compo- 
nents is not practical. 

The qualification and quality conformance tests delineated 
in MIL-STD-883, Method 5005 are accelerated stress tests 
that subject devices to stress levels greater than those nor- 


RCA JAN Qualified-Parts Listing as of Jan. 1982 


RCA | Available JAN Devices | JAN Devices 
Detail Specification} Type airs  eeael: | 
Rad Si 


MIL-M-385 10/5001 
02 
03 
51 
52 
53 


MIL-M-385 10/5101 


Dv PY VDVUUYYyY 


MIL-M-385 10/5301 
02 


03 
04 
51 
52 | C04019B 
53 | CD4030B 
54 | CD40488 


MIL-M-38510/5401 | CD4008A 
§1 | CD4008B 


CD4009A 
CD4010A 
CD4049A 
CD4050A 
CD4041A 
CD4009UB 
©0D4010B 
COD4049UB 
CD40508 
040418 


CD4017A 
CD4018A 
CD4020A 
CD4022A 
CD4024A 
CD4017B 
CD4018B 
CD40208 
C04022B 
C04024B 


P= A=available | P=proposedqul A=available | P=proposedqul 


MIL-M-38510/5501 
0 


UD UPprrrrr Bd 


A = available 


mally experienced in a typical application. These tests consist 
of: Group A, Electrical; Group B, Package and Internal Me- 
chanical Strength; Group C, Indicators of Long Term Reliabil- 
ity; and Group D for package and chip. Both qualification de- 
vices and a sample of devices from the production line are 
subjected to this series of accelerated tests. The tests per- 
formed on the qualification devices are called qualification 
tests; the tests performed on production-line devices after a 
specific type has been qualified are called conformance tests. 
Electrical end-point limits for the tests are defined by 
MIL-M-38510 and are more demanding of CMOS than of TTL. 
DC parameters are measured at -55°C, +25°C, and + 125°C. 


RCA Available JAN Devices 
Detail Specification Type Rabies 


MIL-M-38510/5701 | CD4006A 
02 |} CD4014A 

03. |CD4015A 

CD4021A 

CD4031A 

CD4034A 

CD4006B 

CD4014B 

C0D4015B 

CD4021B 

C04031B 

CD4034B 

MIL-M-38510/5801 } CD4016A 
02 }| CD4066A 

51 | CD4016B 

52 | CD4066B 
MIL-M-38510/5901 | CD4028A 
51 | CD4028B 


MIL-M-38510/17001 | CD4081B 
02 | CD4082B 
03 | CD4073B 
MIL-M-38510/17101 | CD4071B 
02 | CD4072B 
03 | CD4075B 


MIL-M-38510/17201 | CD4085B 
02 | CD4086B 
03 | CD4070B 
04 | CD4077B 


MIL-M-38510/17301 | CD4514B 

02 | CD4515B 
CD4532B 
CO4555B 
CD4556B 


CD4069UB 
C040107B 
03 | CD4502B 

04 | CD40109B 


MIL-M-38510/17501 | CD4076B 
02 | CO4095B 
CD4096B 
C04098B 
CD401748 
CD4099B 
CD4508B 
MIL-M-38510/17701 | CD4093B 
02 | CD401068 
MIL-M-38510/17801 | CD4067B 
02 | C0O4097B 
03 | CO40257B 


Prpr pry Pp? 
PrPr ppp rrp 
PrPrP >Sy Pry 


MIL-M-38510/17401 
02 


MIL-M-38510/17601 
2 











RCA High-Reliability CMOS IC’s 


Standard-Product and Special Custom High-Rellability IC’s 


RCA offers high-reliability versions of virtually its entire line of 
standard-product integrated circuits from the CD4000 series 
of CMOS digital logic types to the CDP1800 series 
microprocessor, associated memory, and input/output (I/O) 
types. These integrated circuits are processed and screened 
to MIL-STD-883 Class B requirements. 

RCA also offers high-reliability versions of standard- 
product types that are processed and screened to special 
customized specifications, especially for the aerospace user 


ang others who procure types to Class S specifications. 

RCA maintains an extensive computer file of customer 
specifications and has the methodology required to translate 
these customized specifications into internal RCA standards 
and factory operating procedures. in addition to the detailed 
device specifications, the computer file lists the customer 
specification number, any revision number, and the RCA cus- 
tom number assigned to a specific device type. 


RCA MIL-STD-883 Slash-Series CMOS IC’s 


RCA high-reliability slash-series CMOS products include both 
CD4000-series digital logic types and CDP1800-series 
microprocessor and memory-system types. The CD4000- 
series parts are provided to three screening levels—/1S, /3, 
and /3W—that correspond to MIL-STD-883, Method 5004, 
Classes S and B requirements. The CDP1800-series parts 
are supplied to levels /3 and /BW. Equivalent aerospace level 
screening may be negotiated on a custom basis. RCA also 


supplies high-reliability chips. These chips are provided to two 
screening levels, /S (or /R for LS! types) and /M. 

RCA CD4000-series level /1S packaged devices and /S 
chips are also available in radiation-hardened versions. 
These parts are processed to either 10° or 10° rads(Si) and 
are identified by addition of a“ Z” or a “J” suffix letter, respec- 
tively, to the device type number (see nomenclature diagram 
on following page). 


Screening Levels for RCA MIL-STD-883 Siash-Series CMOS Integrated Circuits 







Screening Levels 
RCA MIL-STD-883, 
Levels Method 5004 Format 


/1$ Class S with SEM Inspection and 
Condition A Precap Visual 
Inspection 


Class S with SEM Inspection and 
Condition B Precap Visual In- 
spection (for LS! types) 









/1R* 












/18J or /TRU" Same as /1S or /1R + Radiation 


Hardened to 10° rads(Si) 


Same as /1S or /1R + Radiation 
Hardened to 10° rads(Si) 


/3 Class B 


/3W¥ Class B with High- and Low- 
Temperature DC and Dynamic 
Testing omitted 





4182 or /1R2° 

















/S SEM Inspection and Condition A 
Visual Inspection 
SEM Inspection and Condition B 
Visual Inspection (for LSI 

types) 











/R’ 













/SJ or /RJ°’ Same as /S or /R + Radiation 
Hardened to 10° rads(Si) 
/SZ or /RZ* Same as /S or /R + Radiation 





Hardened to 10° rads(Si)} 


Aerospace and Missiles 


Military and {ndustrial 
For example, In Air- 
borne Electronics 


Chips (H Suffix) 


Aerospace and Missiles 


Application Description 


Packaged Devices (D, F, K, or L Suffix) 


For devices intended foc use 
where maintenance and replace- 
ment are impossible and reli- 
ability is imperative 












For devices intended for use 
where maintenance and replace- 
ment can be performed but are 

difficult and expensive 









For hybrid applications where 
maintenance and replacement 
are extremely difficult and 
reliability is imperative 


/M_ Condition B Precap Visual 
inspection Military and Industrial For general applications 


“/1R or /R screening is used instead of /1S or /S screening for LS} circuits for which their large size makes the Condition A Precap Visual 


Inspection impractical 
+ 3W Screening of COP 1800-series includes dynamic testing at 25°C. 
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RCA High-Reliability CMOS IC’s 


Nomenciature for High-Reliability CMOS IC’s 


The type number for RCA siash-series CMOS integrated cir- devices or /S, /R, or /M for chips. A J or Z suffix to tevel /1S or 
cuits identifies not only the basic device, but also the  /S parts indicates radiation-hardened devices. 

screening level, package, and lead finish. The package is 

identified by addition of a suffix letter D (dual-in-line welded- 

seal ceramic), F (dual-in-line frit-seal ceramic), K (ceramic flat Similarly, the MIL-M-38510 type number is a guide to the 
pack), or H (chips) to the basic type number. The screening _ detailed electrical specification, the basic device type, the reli- 
level is identified by addition of /1S; /1R, /3, /3W for packaged _ ability class, and lead finish. 


Guide to the reliability class, package, and radiation-hardness assurance level of 
RCA high-reliability (slash-series) CMOS integrated circuits processed to 
MIL-STD-883 Format. 


CD4000BD/1SJ 















WHEN USED, INDICATES 
RADIATION-HARDENED TYPES. 


RELIABILITY SCREENING LEVEL HARONESS ASSURANCE LEVEL 


‘1S = CLASS S CONDITION A PRECAP J = 108 rads Si 
Z= 105 rads Si 





















PART NUMBER 


CD4000B8 
CDP1800 


PACKAGE DESIGNATION 


D = DUAL-IN-LINE 
METAL-SEAL CERAMIC 

K = FLAT PACK 

F = DUAL-IN-LINE 
FRIT-SEAL CERAMIC 

L = LEADLESS-CHIP - 

CARRIER CERAMIC 










VISUAL + SEM INSPECTION 

/1R = CLASS S CONDITION B PRECAP 
VISUAL + SEM INSPECTION 

73 = CLASSB 

/3W = CLASS B WITHOUT HIGH-AND LOW- 
TEMPERATURE DC AND 

DYNAMIC TESTING 






CLASSES S AND B ARE REFERENCED TO 
MIL-STD-883 METHOD 5004. LEVEL 
/1R SCREENING IS USED INSTEAD OF 
LEVEL /1S SCREENING FOR LSI CIRCUITS 
THAT ARE SO LARGE THAT CONDITION A 
PRECAP VISUAL INSPECTION IS IMPRAC- 
TICAL. 
(AW SCREENING OF CDP 1800 SERIES INCLUDES 92CM- 34476 
DYNAMIC TESTING AT +25°C. 


Guide to the reliability class, package, lead finish, radiation-hardness assurance 
level, and electrostatic sensitivity of RCA high-reliability CMOS integrated circuits 
processed in accordance with MIL-M-38510. 


JM38510/05101 SCB* 







GENERAL SPECIFICATION 













1 


PACKAGE OUTLINE 





[ Leab FINISH] FINISH 


SPECIFIC DEVICE DEVICE CLASS 





DETAIL SPECIFICATIONS 






















MEMORIES 


*NOTE: RADIATION AND ELECTROSTATIC-DISCHARGE-SENSITIVITY IDENTIFIEAS HAVE 
NOT BEEN FORMALIZED AS OF MID 1981. SEE CURRENT ISSUE OF MIL-M-38510 
FOR REQUIREMENTS. 
PACKAGE OUTLINES Y ANO Z HAVE PACKAGE “A” DIMENSION OF 100 MiLS AND 
ARE IN DETAILED SPECIFICATIONS. 







/050 = STANDARD CO4000 01 1S THE C = 14 TERMINAL DUAL-IN-LINE a = ech 
SERIES CD4013 Y = 14 TERMINAL FLAT PACK C=Goto 
170 = HIGH-VOLTAGE CD4000 (1/4" 3/8”) 
SERIES E = 16 TERMINAL DUAL-IN-LINE 
/470 = MICROPROCESSORS ANO 2 = 16 TERMINAL FLAT PACK 


(1/4" x 3/8") 
OR AS DEFINED IN 
DETAIL SPECIFICATIO’'S 





92CM-34474 











RCA High-Reliability CMOS IC’s 


High-Voltage CD4000B-Series CMOS IC’s 







































































































CD4066B8 
CD4067B 


Quad bilateral switch 
16-channel analog muitiplexers/ 


CD40008 
CD4000UB 


Duai 3-input NOR gate plus inverter 
Dual 3-input NOR gate plus inverter 


























CD4001B | Quad 2-input NOR gate demultiplexers 
CD4001UB | Quad 2-input NOR gate CD4068B_ | 8-input NAND/AND gate 
€D4002B Dual 4-input NOR gate CD4069UB } Hex inverter 

CD4002UB | Dual 4-input NOR gate. 040708 | Quad exclusive-OR gate 
CD4006B8 18-stage static shift register CD4071B Quad 2-input OR gate 
CD4007UB | Dual complementary pair plus CD4072B Dual 4-input OR gate 

















inverter ; CD4073B Triple 3-input AND gate 
CD4008B 4-bit full adder with parallel CD4075B Triple 3-input OR gate 
carry-out 


C04076B 
CD4077B 







































4-bit "D” flip-flop (3-state outputs) 


CEE Quad exciusive-NOR gate 


Hex buffer/converter (inverting) 











COD4010B | Hex buffer/converter (non-inverting) CD4078B | 8-input NOR/OR gate 
CD4011B_ | Quad 2-input NAND gate CD4081B | Quad 2-input AND gate 
Eee a yee gate CD4082B | Dual 4-input AND gate 

ual 4-input gate : 
€D4012UB | Dual 4-input NAND gate ©040858 SER GWGG oe 
CD4013B Dual “D" flip-flop with set/reset CD40868 Expandable 4-wide. 2-input 


capability 


AND/OR/INVERT (AO1) gate 
8-stage static shift register 


Binary rate multiplier 





















































CD4014B CD4089B 




































CD4015B Dual 4-stage static shift register CD4093B8 2-i t NAND Schmitt 
CD4016B | Quad bilateral switch 2 be ass eta 
CD4017B {| Decade counter/divider C04094B | 8-stage shift-and-store bus register 
CD4018B Presettable divide-by “N” counter CD4095B Gated “J-K” flip-flop (non-inverting) 
CD4019B | Quad AND/OR select gate “JK” flip-flop (i tin 
CD4020B 14-stage Binary Ripple Counter COseee os Ret 9 
CD4021B | B-stage static shift register CD4097B_ | 8-channel analog multiptexer/ 
CD4022B Divide-by-8 counter/divider demultiplexer 

CD4023B Triple 3-input NAND gate CH4098B Dual monostable multivibrator 
CD4023UB | Triple 3-input NAND gate CD4099B_ | 8-bit addressabte latch 

©040248 | 7-stage binary ripple counter CD4502B_ | Strobed hex inverter/buffer 
CD4025B _| Triple 3-input NOR gate CD4503B_ ‘| Hex buffer (non-inverting) 
C04025UB | Triple 3-input NOR gate C0O4508B Dual 4-bit latch 

CD4026B Decade counter/divider C045108 Presettable 4-bit BCD up/down 
CD4027B Dual “J-K” flip-flop with set/reset counter 






capability CD4511B 


BCD-to-decima! decoder 


BCD-to-7-segment latch decoder/ 
driver 


























CD40288 




















CD4029B | Presettable up/down counter CD4512B8 | 8-channe! data selector (3-state 
CD4030B Quad exclusive-OR gate Output) 

CD4031B | 64-stage static shift register CD4514B | 4-bit fatch/4-to-16 line decoder 
C04033B Decade counter/divider (outputs low) 

CD4034B | 8-stage static shift register CD4515B | 4-bit latch/4-to-16 line decoder 


(Outputs low) 


CD4035B hae 
Presettable 4-bit binary up/down 


4-stage parailel-in/paratlelt-out 
shift register 






CD4516B 








































CD4040B 12-stage binary ripple counter counter , 
CD4041UB]} Quad true/complement buffer CD4517B | Dual 64-bit shift register 
CD4042B Quad clocked “D" latch CD4518B Dua! BCD up counter 
CD4043B | Quad NOR R/S latch (3-state CO4520B | Dual binary up counter 






outputs) 

Quad NANO RP‘S {atch (3-state 
outputs) 

21-stage timer 


CD4527B 
CD4532B 
CD4536B 
CD4538B 


BCD rate multiplier 

8-input priority encoder 

Programmable timer 

Dual precision monostable 
multivibrator 








C04044B 








CD4045B 




























































CD4046B | Micropower phase-locked loop wv / Itip! 
CD4047B | Monostable/astable multivibrator CD4555B Couehieee ‘demultiplexer 
CD4048B Multifunctional expandable 8-input 


CD45568 Dua! 1-of-4 decoder/demultiplexer 
(outputs low) 

4-bit magnitude comparator 

8-bit addressable latch 

32-bit Jeft/right shift register 

9-bit parity generator/checker 

Presettable 2-decade BCD down 
counter 

Presettable 8-bit binary down 
counter 

4-bit bidirectional universal 
shift register 

4-bit x 16 word FiFo buffer register 









gate (3-state output) 
Hex buffer/converter (inverting) 
Hex buffer/converter (non-inverting) 


8-channel analog multiplexer/ 
demultiplexer 

4-channel analog multiplexer/ 
demultiplexer 

Triple 2-channei analog multiplexer 
demultiplexer 

14-stage binary ripple counter/ 
divider and oscillator 

4-bit magnitude comparator 







CD4049UB 
CD4050B 


CD4051B 


CD4585B 
CD4724B8 
CD40100B 
CD40101B 
CD40102B 













CD4052B 


















CD4053B CD46103B 












CD40608 CD40104B 
















C04063B CD40105B 
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RCA High-Reliability CMOS IC’s 


High-Voltage CD4000B-Series CMOS IC’s (Cont’d) 


No. of 
Type No. Description 


CD40106B | Hex Schmitt Trigger 

C©D40107B | Dual 2-input NAND buffer/driver 

CD40108B | 4 x 4 multiport register 

CD40109B | Quad low-to-high voltage interface 

CD40110B | Decade up/down counter/ 
decoder/latch/driver 

10-line to 4-line BCD priority encoder] 


Decade counter with asynchronous 
clear 

Binary counter with asynchronous 
clear 

Decade counter with synchronous 
clear 


CD40147B 
CD40160B 


CD40161B 


C0D40162B 





Note: 


Type No. Description Ed 


CD40163B Binary counter with synchronous 
clear 
CD40174B Hex “D" flip-flop 
CD40181B = 4-bit arithmetic logic unit 
CD40182B = Look-ahead-carry block 
CD40192B 


Presettable 4-bit BCD up/down 
counter 

Presettable 4-bit binary up/down 
counter 

4-bit bidirectional universal 
shift register 

4x 4 multiport register 

Quad 2-line-to-1-line data selector 


CD40193B 


CD401948 


CD40208B 
CD40257B 





RCA also offers high-reliability versions of a number of the A-series (3 to 12V) counterparts (CD4000A through CD4050A and CD4060A) of the 
high-voltage B-series types listed above and of several A-series types for which there are no corresponding B-series types (i.e., CD4036A and CD4039A 


RAM's, CD4057 A ALU, and CD4059A programmable divide-by-N counter). 


Radiation-Resistant CD4000-Series CMOS IC’s 


RCA offers radiation-nardened CD4000-series CMOS inte- 
grated circuits capable of withstanding total i ionizing radiation 
dosages of 10° rads(Si)—Z-suffix types—or 10° rads(Si}—J- 
suffix types. These radiation-hardened types are processed 
to either MIL-M-38510 Class S or MIL-STD-883 level /1S. In 
addition, these types are subjected to special process con- 
trols in which their radiation tolerance is monitored. Samples 
are exposed to specified total radiation dosages from a Cobalt 
60 source, pre- and post-radiation measurements are made 
of threshold, threshold delta, leakage current, and go, no-go 
functional tests. 

The radiation resistance to the specified levels is verified by 
exposure of two packaged devices per wafer for SSi, MSI-1, 
and MS!-2 types and a varied quantity of packaged devices 
per lot for LSI types, depending on their complexity. 





{ n THRESHOLD 
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Typical threshold-voltage variations of RCA MEGARAD CD4000- 
series CMOS integrated circuits as a function of total-dose gamma 
radiation. 





Dimensional Outlines 

















Dimensional Outlines 


Dual-In-Line Welded-Seal Ceramic Packages 


(D) SUFFIX (JEDEC MO-001-AD) 
14-Lead Dual-in-Line Welded-Seal 
Ceramic Package 


ec 





NOTES: 

Refer to Rutes for Dimensioning (JEOEC Publication No. 95} 

for Axial Lead Product Outlines. 

1. When this device is supplied solder dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013" (0.33 mm). 

2. Leads within 0.005" (0.12 mm) radius of True Position (TP) at 
gauge plane with maximum material condition and unit installed. 














3. eg applies in zone Ly when unit installed. 
4. a applies to spread leads prior to installation. 
5. Nis the maximum quantity of lead positions. 
6. Ny is the quantity of allowable missing teads. 
> 
BASE PLANE a s a 
i 
SEATING PLANE a Le 
\ ae 
SAUCE PLANE att 
] : i 
a 
INDEX AREA erat 
: "ike 
ne? 
T 
“ view & 
= a preeat 
NOTES: 


Refer to Rules for Dimensioning (JEDEC Publication No. 95) 

for Axial Lead Product Outlines. 

1. When this device is supplied solder-dipped, the maximum 
lead thickness (narrow portion) will not exceed 0.013" 
(0.33 mm). 

2. Leads within 0.005” (0.12 mm) radius of True Position 
(TP) at gauge plane with maximum material condition 
and unit installed. Z 

. @a applies in zone Lo when unit installed. 

. & applies to spread leads prior to installation. 

. Nis the maximum quantity of lead positions. 

. Nq is the quantity of allowable missing leads. 


TO-5 Style Package 


(T) SUFFIX (JEDEC MO-006-AG) 
12-Lead Metal Package 


ONaw 





92CS-19774 














(D) SUFFIX (JEDEC MO-001-AE) 
16-Lead Dual-In-Line Welded-Seal 
Ceramic Package 












































iN [MILLIMETERS | 
vmBo--—INCHES MILLIMETERS 
MIN. MIN. | MAX. 
A {0.120 3.05 | 4.06 
A, | 0.020 0.51 | 1.65 
6 | 0.014 | 0.020 0.356 | 0.508 
8, | 0.035 | 0.065 0.89 5 
Cc ' 0.012 1 [0204 | 0.304 
D | 0.745 | 0.785 18.93 | 19.93 
E 8.25 
E, | 0.240 6.60 
ey 
[ea | 
L 
2 
[a 






































































































































N 
Ny 
92SS-4411R2 [ Q, | 0.050 0.085 
i$ | 0.018 | 0.060 
92SS-4286R5 
{D) SUFFIX (JEDEC MO-015-AG) (D) SUFFIX (JEDEC MO-015-AH) 
24-Lead Dual-In-Line Welded-Seal 28-Lead Dual-In-Line Welded-Seal 
Ceramic Package Ceramic Package 
INCHES MILLIMETERS 
SYMBOL Fain, max] NOTE |iain, _] MAX. 
A 0.090] 0.200 2.29 | 5.08 
Ay 0.020| 0.070 0.61 178 
B 0.015] 0.020 0.381 | 0.508 
Bt 0.045} 0.055 1.143 | 1.397 
€ goos|o.01z{ 7 [0.204 | 0.304 | 
o 1.15 | 1.22 29.21 | 30.98 eee! liege | 15.87 
E 0.600 | 0.625 15.24 | 15.87 13.08 
e 0.100 TP 2 2.541P P 15.24 TP 
en o600TP | 2.3 15.24 TP ‘ : 
ee? 0.100 | 0.180 254 | 4s7 
l2 0.000 | 0.030 0.00 0.76 
a 0° | 15° [ 4 | 0° 15° 
. oN 24 5 24 | 
LM 0 6 = oO 
a 0.020 | 0.080 0.51 2.03 
s 0.020 | 0.060 0.51 | 162 | 92CM-20250R2 
92CS-1994B8R4 
NOTES: 
1. Refer to Rules for Dimensioning Axial Lead Product Out- 
lines. 


2. Leads at gauge plane within 0.007" {0,178 mm) radius of 
True Position (TP) at maximum materiat condition. 


3. $B applies between L1 and L2. ¢B2 applies between L2 
and 0.500" {12.70 mm) from seating plane. Diameter is 
uncontrolled in Ly and beyond 0.500" {12.70 mm). 


4. Measure from Max. 9D. 
5. Nq is the quantity of allowabte missing leads. 
6. N is the maximum quantity of lead positions. 
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Dimensional Outlines (Cont'd) 


DUAL-IN-LINE SIDE-BRAZED CERAMIC (0) SUFFIX (D) SUFFIX 
PACKAGES 18-Lead Duat-in-Line 22-Lead Dual-In-Line 
Side-Brazed Ceramic Package Side-Brazed Ceramic Package 






















a 


PITT: 


UUs 
i e ‘SEATING PLANE 
cleo otc te ‘SEATING os ole 








METALLIZATION| 
‘OPTIONAL, 
—/ 
be 











NOTE 
MIN. | MAX. 
0.890 | 0.915 
— | 0.200 





NOTES: 

1, Leads within 0.005" (0.13 mm)-radius of True 
Position at maximum material condition. 

2. Dimension “’L”’ to center of leads when formed 
parallel. 

3. When this device is supplied solder-dipped, the 
maximum lead thickness (narrow portton) will not 
exceed 0.013" (0.33 mm). 














92CS-26186R2 





92CS-27231R1 
(D) SUFFIX (D0) SUFFIX 
24-Lead Dual-in-Line 40-Lead Dual-in-Line 
Side-Brazed Ceramic Package Side-Brazed Ceramic Package 





NOTE} MILLIMETERS 


occa ner. || 127Rer. | 
Ie | estoo asc |_| 
[0.070 




















92CS-30986R 1 0.025 | 0.050 





92CM-27029R2 i= 





Dual-In-Line Plastic and Frit-Seal Ceramic Packages 














(E) SUFFLX (JEDEC MQ-001-AN) 
8-L.ead Dual-in-Line Plastic 


MILLIMETERS 











rate MIN. MAX. 
{Mini-DIP) Package See ae 
Ay 0.508 | 1.27 
2 + 
le B 0.356 | 0.508 NOTES: 
0.889 1.65 Reter to Rules for Dimensioning (JEDEC Publication No. 95) 


BASE PL Amt 


T By 
it Ant —t 
SS ht |e 


: Agee pe E 0.300 | 0.325 


Er ___| 0.240 [0.260 


for Axial Lead Product Outlines. 
1, When this device is supplied solder-dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013”. 


2. Leads within 0.005" (0.12 mm) radius of True Position (TP) at 
quage plane with maximum material condition and unit instatied. 














ns) ry 8 L 
0.100 TP 2.54 TP 3. en applies in zone Lo when unit installed. 
0.300 TP 7.62 TP 4. a applies to spread leads prior to installation. 


5. N is the maximum quantity of tead positions. 
6. Ny Is the quantity of atlowable missing leads. 





0.125 | 0.150 

































oF | 0.000 | 0.030 0.000 | 0.762 

Ey fa Qo 18 
4 | 8 
- 0 

0.046 | 0.075 1.02 190 

0.015 | 0.060 0.381 1.52 





92CS-24026Rt 
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Dimensional Outlines (Cont'd) 


Dual-in-Line Plastic and Frit-Seal Ceramic Packages (Cont'd) 


BASE PLANE 


SEATING PLANE 
Cru | a us 









BOTTOM VIEW 


os 


NOTES: 

Refer to Rules for Dimensioning (JEDEC Publication No. 96) 
for Axial Lead Product Outlines. 

1, When this device is supplied solder-dipped, the maximum lead 


thickness (narrow portion) will not exceed 0.013" (0.33 mm). 


2. Leads within 0.005’ (0.12 mm) radius of True Position (TP) 
at gauge plane with maximum material condition and unit 
installed. 


(E) and (F) SUFFIXES (JEDEC MO-001-AB) 
14-Lead Dual-In-Line Plastic or 
Frit-Seal Ceramic Package 


MILLIMETERS 


SYMBOL NOTE 


1,66 2.28 









































(E) and (F) SUFFIXES (JEDEC MO-001-AC) 
16-Lead Dual-In-Line Plastic or 
Frit-Seal Ceramic Package 


MILLIMETERS 
s syeot— ne NOTE rin, | MAX.) 


ae ae 0.200 3.94 §.08 

0.020 | 0.060 0.51 1.27 

0.014 | 0.020 0.356 | 0.508 

a; 0,035 | 0.066 0.89 1.66 
0.012 
0.785 


0.204 | 0.304 
18.93 | 19,93 


















































































































3. eg applies in zone La when unit installed. 3255-6296R3 
4. a applies to spread teads prior to instatlation. 
5. N is the maximum quantity of lead positions. 
6. Ny is the quantity of allowable missing leads. 
92CM-15967R4 
(E) SUFFIX (E) SUFFIX (F) SUFFIX (JEDEC MO-001-AG) 
18-Lead Dual-in-Line 22-Lead Dual-in-Line 16-Lead Dual-In-Line 
Plastic Package Plastic Package Frit-Seal Ceramic Package 
NoTe | MILLIMETERS SYMBOL L MILLIMETERS levmeoc INCHES | ope | MILLIMETERS 
MIN MAX MIN. 5 MIN. MAX. MIN. | MAX. MIN. MAX. 
3 : A rene 0.200 3.94 2c A 0.165 | 0.210 4.20 5.33 
+41 * aaee 0.050. $508 aang Aq__| 0.015 | 0.045 0.381 | 1.14 
| By 0.035 0.89 165 B 0.015 | 0.020 0.381 0.508 
Cc 0.008 0.204 | 0.304 By 0.045 | 0.070 1.15 1.77 
D 28,44 Cc 0.009 | 0.011 1 0.229 0.279 
E 0.390 9.91 10.66 ie 0.750 | 0.795 19.05 20.19 
Ee 0.345 am e771 80 E | 0.295] 0.325 750 | 8.25 
e 284d E;, | 0.245| 0.300 6.23 | 7.62 
ea . 10.16 TP 
L 6.125 0. 3.18 | 381 ey 0.100 TP | 2 2.54 TP 
2 0 0.762 en 0.300 TP 2,3 7.62 TP 
a 20 | 15° L 7 0.1207 0.160 3.05 4.06 
NY 2 Lo 0.000 | 0.030 4 ‘iz 0.000 0.76 
1 0 ) %) 
0, | 0.055 0. 740 | 215 j- < a alas : = 71 10 
Ss 0.015 |0. 0.381 | 1.27 
L $n — Ny Q 6 0 
ce uabese 9208-30830 Q, | 0.050] 6.080 1277 2.03 
LL Ss 0.010 | 0.060 0,254 1.52 


NOTES: 

Retar to Rules for Dimensioning (JEDEC Publication No. 95) 

for Axial Lead Product Outlines. 

1, When this device is supplied solder-dipped, the maximum lead 
thickness (narrow portion) will not exceed 0.013”. 

2. Leads within 0.005” (0.12 mm) radius of True Position (TP) at 

guage plane with maximum material condition and unit installed 

@A applies in zone Lg when unit installed. 

. @ applies to spread leads prior to installation. 

Nis the maximum quantity of lead positions. 

. Ny is the quantity of allowable missing leads. 


aAnaw 
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{E) and (F) SUFFIXES (JEDEC MO-015-AA) 
24-Lead Dual-in-Line Plastic or 
Frit-Seal Ceramic Package 


INCHES 














0.120 | 0.250 
0. 020 0. oth 0 51 
7 


0.0 0.0) 


0. 515 0: 580 
0.100 TP 
0.600 TP 


0,100 | 0.200 
0. ~ 0.030 
ST 


0 6 0 | 
0.040 [0.075 1.02 [1.90 
0,040 | 0.100 1.02 | 2.54 


92CS26938R2 


























































92CM-22284R1 
(E) SUFFIX 
40-Lead Dual-In-Line 
Plastic Package 














92CS-30959 











Ceramic Fiat Packs 


(K) SUFFIX (JEDEC MO-004-AF) 
14-Lead 


TERMINAL “NT 








A BASE ANO 
SEATING 
PLANE 
(K) SUFFIX (JEDEC MO-004-AG) 
16-Lead 


ra) 
< 
FA 
o 


=| 











0 
c . 
e 
E E 
H . 
L 
N 
Q 
$s 








92CS-17275RB 


(K) SUFFIX 
24-Lead 


Dimensional Outlines (Cont’d) 


021 | 254 
1 }o3a1 | 0.982 
7 


0.077 | 0.162 


2 1.27 TP 


76 
25.4 


3.9 8.8 
0,00 1.27 
4 


7.62 


10.16 
928S-4300A3 








MILLIMETERS 





0.075 | 0.120 


MAX. 





0.018 | 0.022 











0.600 | 0.700 





1.150 | 1.350 


29.21 34.29 





0.225 | 0.325 


15.24 ie 


8.25 


5.72 





24 


24 





0.035 | 0.070 





0.060 | 0.110 


0.89 | 177 


1.53 2.79 





NN ®/ Oj) 2) e| ZL) mj elo la > 


0.700 
0.750 





17.78 
19.05 


92CS8-19949R2 


NOTES: 

1. Refer to JEDEC Publication No. 95 for Rules for 
Dimensioning Peripheral Lead Outlines, 

2. Leads within 0.005” (0.12 mm) radius of True 
Position (TP) at maximum material condition. 


3. N is the maximum quantity of lead positions. 
4, 2 and 24 determine a zone within which al! body 
and lead irregularities lie, 


(K) SUFFIX 
28-Lead 


MILLIMETERS 
MAX. 








92CS5-20972 
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Application Notes 








ICAN-6086 


Timekeeping Advances 


Through COS/MOS Technology 


by S.S. Eaton 


Most COS/MOS timing circuits consist of three basic 
parts: an oscillator, or main timing standard; some digital 
processing logic, usually in the form of frequency-dividing 
circuits; and logic-circuit drivers for mechanical or electrical 
output devices controlled by the digital processing logic. The 
oscillator is perhaps the most important because the accuracy 
of the total COS/MOS timing system is entirely dependent 
upon the accuracy of the oscillator. This Note discusses basic 
oscillator design considerations, practical COS/MOS oscil- 
lator circuits, and some typical COS/MOS. timing-circuit 
applications, 


BASIC OSCILLATOR DESIGN CONSIDERATIONS 

A basic oscillator circuit consists of an amplifier and a 
feedback section, as shown in Fig. 1. For oscillation to occur, 
the gain of the amplifier times the attenuation of the 
feedback network must be greater than one. In addition, the 
tota! phase shift through the amplifier and feedback network 
must be equal to n times 360 degrees, where n is an integer. 
These conditions imply that oscillations occur in any system 
in which an amplified signal is returned in phase to the 
amplifier input after being attenuated less than it was 
originally amplified. In such a system, any noise present at 
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Fig. 1— Basic oscillator circuit. 


the amplifier input causes oscillation to build up at a rate 
determined by the loop gain, or af product, of the over-all 
circuit. 

The frequency stability of an oscillator is primarily 
dependent upon the phase-changing properties of the 
feedback network. For high stability, quartz crystals and 
tuning forks are commonly used as feedback network 
elements. The quartz crystal is the more popular because of 
its higher Q or greater inherent frequency stability. 


Selection of Crystal Operating Mode 

Fig. 2 shows the equivalent circuit of a quartz crystal, 
and Table I lists typical component values of the elements 
included in the equivalent circuit for different crystal cuts 
and operating frequencies. The basic circuit can be resolved 
into equivalent resistive (Re) and reactive (X¢) components. 
Fig. 3 shows curves of these components as functions of 
frequency for a typical 32.768-kHz crystal. Fig. 3(b) shows 
two points at which the crystal appears purely resistive, (i.¢., 
points at which Xe = 0). These points are defined as the 
resonant (f;) and antiresonant (fg) frequencies. Series- 
resonant oscillator circuits are designed to oscillate at or near 
fy. Parallel-resonant circuits oscillate between fy and fa, 
depending upon the value of a parallel loading capacitor, as 
discussed later. In contrast to series-resonant circuits, parallel 
resonant-circuits work best with amplifiers that have high 
input impedances. The paralle!-resonant circuit, therefore, is 
most applicable to crystal oscillators that employ COS/MOS 
amplifiers. 
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Feedback-Circuit Configuration 

A feedback circuit suitable for use with a parallel- 
resonant oscillator circuit is shown in Fig. 4. This circuit, 
known as a crystal pi network, is intended for use after an 
amplifier that provides a 180-degree phase shift. The pi 
network is designed to provide the additional 180-degree 
phase shift required for oscillation. The phase angle for this 
type of feedback circuit is extremely sensitive to a change in 
frequency, a condition necessary for stable oscillation. If the 
equivalent resistance of the crystal were in fact zero (infinite 
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Fig. 2— Equivalent circuit for a quart crystal. 


Table | — Typical Component Values for Common Cuts 
of Quartz Oscillator Crystals 
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Q), a change in the phase angle of the feedback circuit would 
not cause any change in oscillator frequency; the frequency, 
therefore, would be insensitive to any phase change in the 
amplifier. Though practical crystals allow only a slight 
change in frequency for large variations in phase angle, the 
amplifier phase angle should, to the extent possible, be made 
independent of temperature and supply-voltage variations in 
order to minimize the phase compensation required of the 
feedback network. Any required phase compensation will, of 
course, dictate a corresponding change in the frequency of 
oscillation consistent with practical values of crystal Q. For 
this reason, the equivalent resistance of the crystal should be 
maintained as low as possible, and the amplifier should be 
designed to roll off at frequencies greater than the crystal 
frequency. 


Oscitlator Amplifier 

Fig. 5 shows a COS/MOS amplifier circuit that may be 
used to provide the amplification function in a crystal- 
controlled oscillator. The amplifier is biased so that the 
output voltage VQUT is equal to the input voltage VIN or 
typically is equal to one-half the supply voltage Vpp., (i.e., 
VouT = VIN = Vpp/2). Biasing is accomplished by means 
of a resistor that has a value high enough to prevent loading 
of the feedback network, yet that is low in comparison to 
the amplifier input resistance. Resistor values of 10 to 500 
megohms will satisfy these criteria, however, lower values in 
the order of 15 megohms are generally used to allow greater 
input leakage without any severe change in bias point. The 
gain of the amplifier varies with supply voltage, the size of 
the n- and p-channel MOS transistors, and the sum of the 
threshold voltages of the n- and p-channel transistors. When 
an oscillator amplifier is designed to roll off at frequencies 
greater than the crystal frequency, care must be taken to 


assure that the transistor sizes are large enough for the 
Particular supply voltage used and range of threshold voltages 
expected. For any circuit, though, the sum of the threshold 
voltages of the n- and p-channel transistors must always be 
less than the supply voltage. 

The oscillator amplifier governs, to a certain extent, the 
selection of the components for the feedback network. The 
amplifier current consumption is strongly dependent upon 
the attenuation across the feedback network. As the 
attenuation becomes greater, the signal at the amplifier input 
becomes smaller, which, in turn, increases the amplifier 
current consumption. Large voltage swings at the amplifier 
input cause little current to flow because the resistance of 
either the n- or p-channel transistor is high during a large 
portion of the cycle. On the basis of power considerations, 
it is best to design the feedback network for a small attenu- 
ation, 
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Fig. 3- Impedance characteristics of a quartz oscillator 
crystal: (a) equivalent crystal resistance as @ 
function of frequency; (b} equivalent crystal 


reactance as a function of frequency. 
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Fig. 4— Crystal pi-type feedback network. 
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Fig. 5— COS/MOS amplifier. 


Equivalent Crystal Resistance 

The equivalent sesistance Rs of the crystal should be 
maintained as smal! as possible in order to obtain minimum 
attenuation across the feedback network. For any given 
circuit, the oscillator current always increases with a rise in 
crystal resistance. This factor and stability considerations 
provide strong arguments for the purchase of crystals that 
have low series resistance, although the usual cost tradeoffs 
prevail. 


Crystal Load Capacitance 

Another factor that influences the over-all power 
consumption is the size of the pi-network capacitor at the 
amplifier output. For minimum current consumption, this 
capacitor, obviously, should be kept small. This condition, 
however, does not always imply high frequency stability. The 
choice of the capacitor value first involves a determination of 
the over-all crystal load capacitance. The phase angle of the 
feedback network approaches 180 degrees when the crystal 
equivalent reactive component X¢ is equa! to the reactance 
(XCL) of a capacitor placed in parallel with the crystal. 
Fig. 4 shows that the effective capacitance across the crystal 
consists of the two pi-network capacitors in series. If the 
value of the equivalent reactance X¢ at the crystal frequency, 
as may be determined from Fig. 3(b), is equal to the value of 
the crystal load capacitance Cy, then the equivalent value 
of the two series-connected pi-network capacitors can be 
calculated from the following relationship: 


CL = I/wXe ql) 


The value of the load capacitance CL, in general, is chosen 
first, and the crystal manufacturer is required to cut the 
crystal to oscillate at the desired frequency for the specified 
value of load capac:tance. 

The choice of 4 load capacitance is important in terms of 
over-all power consumption and frequency stability. Higher 
values of CL generally improve frequency stability, but also 
increase power dissipation. The timing industry presently 
seems to have standardized on values of CL between 10 and 
20 picofarads. 


The choice of the total equivalent load capacitance Cy 
only fixes the series sum of the two pi-network capacitors. 
The individual capacitors themselves can be found from the 
following equations: 


CT = 4CL/C ~ SPReCL) Q) 


Cg = 4CL/(3 + SPReCL) GQ) 


The actual value of Cs used in the feedback circuit 
should be about 3 picofarads less than the calculated value to 
allow for the amplifier input capacitance. The value of the 
amplifier output capacitor CT should not normally be fixed. 
A trimmer capacitor should be placed in parallel with, or 
used in place of, a fixed output capacitor to allow for 
variations in stray capacitance and circuit components. The 
mid-range value of the output capacitor combination should 
be equal to the calculated value of Cy. 


Frequency-Trimming Capability 

The required capacitance range for the oscillator trimmer 
capacitor is determined by the variation in oscillation 
frequency with a change in load capacitance.2 The total 
frequency-trimming cange of a crystal-controlled oscillator 
circuit is mainly a function of the crystal characteristics, or 
more explicity, is inversely proportional to the slope of the 
crystal reactance curve, shown in Fig. 3(b). The slope of this 
curve is a function of the difference between the resonant 
frequency fr and the antiresonant frequency f4. This 
frequency difference, in turn, is a function of the crystal 
capacitance ratio Co/C1, where Co and Cj are the inherent 
shunt and series capacitances, respectively, of the crystal 
structure, as shown in Fig. 2. The slope of the reactance 
curve is also a function of the total external crystal load 
capacitance CL. As shown in Fig. 3(b), this slope decreases as 
the equivalent reactance increases, (i.e., for smaller values of 
the capacitance C1). Fig. 6 and Table I show trimming-range 
data for a typical 32.768-kHz crystal that has a capacitance 
ratio Co/Cy of 530, These data show that smaller values of 
load capacitance result in greater trimming-range capability. 





Temperature Stability 

Another important oscillator consideration is tempera- 
ture stability. Most crystals have a negative parabolic 
temperature coefficient.2 Fig. 7 shows a typical curve of the 
variation in crystal frequency as a function of temperature 
The frequency of the total oscillator circuit also exhibits a 
similar temperature dependence. Temperature compensation 
of the over-all oscillator circuit can be achieved by use of a 
capacitor that has a positive parabolic temperature coef- 
ficient in the pi feedback network.3 For comparison, Fig. 7 
also shows a typical resultant curve for the over-all circuit. 

The temperature characteristics of a crystal are deter- 
mined to a large extent by the crystal cut. Popular 
low-frequency cuts include the NT and XY Bar. The XY Bar 
is the more popular of the two types because it can be made 
smaller for a given Q and is easier to trim. The disadvantage 
of a slightly lower shock resistance of XY Bar crystals is 
compensated by the superior aging chacteristics of this type. 
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Fig. 6— Frequency as a function of load capacitance for a 


typical 32-kHz crystal. 


AT-cut crystals, when used at frequencies greater than | MHz, 
are characterized by excellent temperature stability and 
ruggedness. Temperature characteristics for this type of 
crystal cut as well as for the XY Bar and NT types are shown 
in Fig. 8. 
Crystal Dimensions 

Size is also an important consideration in the design of 
oscillator crystals. The length of quartz required for any 
given cut is inversely proportional to the square root of 
frequency. Dimensions for a typical packaged 32-kHz, XY 
Bar crystal are 0.6 inch by 0.2 inch by 0.11 inch. The 
smallest XY Bar crystals currently available have dimensions 
in the order of 0.53 inch by 0.2 inch by 0.11 inch. A [-MHz 
AT-cut crystal is significantly larger; however, dimensions 
again decrease with frequency. Crystal manufacturers are 
currently working to develop wristwatch-size AT-cut crystals 
with the anticipation of circuit improvements that will allow 
low-current operation at high frequencies. 


Crystal Shock Resistance and Aging Rate 

A prime concern of the timing industry today is that of 
crystal shock resistance and aging. The aging of a crystal 
results primarily from aging of the mounting material rather 


Table I! — Trimming Data for a Typical 32-kHz 
Quartz Oscillator Crystal 
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Fig. 7— Effect of temperature on crystal frequency. 
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Fig. 8— Frequency-temperature characteristics for various 


crystal cuts: (a} XY-Bar and NT cuts; (b) AT cut. 


than from aging of the quartz itself. The mounting material 
enters into the crystal equivalent circuit, and the slowest 
aging rate results when the mount consists of the least 
amount of supporting material. This condition of course, 
results in lower shock resistance, and an optimum trade-off 
roost be achieved, At present, 32-kHz crystals can be made 
that can withstand a mechanical shock of about 1500 G’s 
applic.! for 0.5 millisecond and that have aging rates that 
rssult in a frequency change of 2 to 5 parts per million for 


the first year and essentially no aging thereafter. Any 
mechanical or thermal shock, however, will interrupt: the 
Normal aging process, The aging rate of 2 to 5 parts per 
million presently appears accepiable to the timing industry, 
although shock resistances of 3,000 to 5,000 G's are desired. 
This shock level corresponds approximately to the shock 
experienced by dropping the crystal from a height of one 
Meter onto a hardwood floor. 


PRACTICAL OSCILLATOR CIRCUITS 

The basic amplifier, feedback-network, and crystal 
considerations discussed in the preceding paragraphs can be 
combined in the design of COS/MOS oscillator circuits. In 
the circuits, the crystal selected has an equivalent resistance 
Re of 50 kilohms and is cut to operate at a frequency of 
32.768 kHz with a load capacitance CL of 10 picofarads. The 
values of pi feedback-network capacitors CT and Cs can be 
calculated by use of Eqs. (2) and (3) as CT. = 43 picofarads 
and Cg = 13 picofarads. The value of the feedback-network 
resistance R can be calculated as follows: 


pu OX 2 0.27 Re} (Xe — 0.8 Re) 
7 16 Re 
= 1MQ 
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This value is the maximum value of resistance allowd for a 
minimum feedback-network attenuation of 0.75, a value 
chosen on the basis of power and stability considerations. ! 
The calculated value of R includes any fixed resistance plus 
the amplifier output resistance. Because the output resistance 
is often appreciable and varies with supply voltage, transistor 
size, and threshold voltages, it is generally best to add 
resistance experimentally until the desired power consump- 
tion and frequency stability are reached. The effect of this 
resistance on operating current and frequency stability can 
be predicted from data given in Table HI for the three 
different COS/MOS crystal oscillator circuits shown in Fig. 9. 
In each circuit, the pi-network capacitors CT and Cg are 39 
Picofarads and 10 picofarads, respectively. These capaci- 
tances are slightly less than the calculated values because of 
stray and amplifier capacitances. 

The circuit shown in Fig. 9a) combines the amplifier and 
feedback circuits shown in Fig. 4 and 5. Although theory 
predicts that an increase in the values of the feedback- 
network resistor R will result in increased frequency 
stability, the circuit performance data given in Table III show 
no significant improvement in this characteristic. This result 
indicates that the circuit instability can be attributed almost 
entirely to phase instabilities of the amplifier. This assump- 
tion is verified by data taken from: the circuits shown in 
Figs. %b) and %c) in which the required feedback-network 
resistance is incorporated into the amplifier as a fixed value. 
The resistors essentially fix the amplifier phase shift so that 
greater stability results. As the data show, use of these 
resistors also results in a decrease in the total current 
consumption. Because of the two fixed resistors, the circuit 
of Fig. 9{b) shows the least current consumption and also the 
greatest stability. 


Table If! — Typical Oscillator Data 
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As mentioned previously, the amplifier feedback resistor 
should not significantly load the crystal feedback network. 
The resistor value at which loading begins to occur can be 
determined from a curve of circuit operating frequency as a 
function of feedback resistance. Fig. 10 shows such a curve 
for the circuit shown in Fig. %b). This curve indicates that 
15 megohms is a suitable value for the feedback resistor. 


FREQUENCY DIVIDERS 

Because of restrictions on crystal size and cost, oscillator 
frequencies of 8192 Hz, or higher, are generally used for 
electronic timing circuits. The use of such high crystal 
frequencies usually requires division of the oscillator fre- 
quency to a more convenient value. Synchronous motors, for 
example, are often driven by frequencies between 0.5 Hz and 
64 Hz. Numeric readouts for digital clocks or wristwatches 


require pulses at least every second, minute, and hour, The 
necessity for frequency division becomes clear if one 
considers the wide variety of timing intervals that may be 
required for certain applications. 

The basic frequency-dividing circuit, shown in Fig. 11, 
consists of a master-slave D-type flip-flop connected as a 
binary counter stage. N stages may be cascaded with the final 
output frequency equal to 2—N times the input frequency. 
Division by integers other than powers of 2 can also be 
accomplished by use of gating techniques. For example, a 
divide-by-60 counter implemented as shown in Fig. 12, can 
be used to obtain minutes from seconds. 


RCA 





39 pF AL OF 
(M(0-RANGE ) 


TAGI78 
SILICON GATE 





RCA 
OEY. No. 
TAGI7A 
SILICON 
GATE 














39 oF ha 


s2es- 2050) 


Fig. 9— Typical COS/MOS crystal-oscillator circuits, 
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ig. 10— Oscillator frequency as a function of amplifier 
feedback resistance. 
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Fig. 11— Basic frequency-dividing stage. 


A basic block diagram of a typical digital clock that 
employs divide-by-60 counters is shown in Fig. 13. The 
display for the clock is designed to be multiplexed in that 
new information is provided to only one of the six readout 
characters, while the eye itself holds the previous state of the 
other five. The multiplexing unit consists of COS/MOS 
transmission gates controlled by a six-stage ring counter that 
also addresses each character sequentially. This type of 
circuit is particularly applicable for driving light-emitting 
diode displays. 

Light-emitting diodes, as well as other readout devices, 
require some form of driving circuitry which is often unique 
to the driven device. Other typical readout devices include 
stepping motors, balance-wheet motors, tuning-fork motors, 
and liquid-crystal displays. 

. Motors are frequently driven by low-impedance MOS 
transistor drivers, The waveforms required depend upon the 
particular type of motor, Rotary stepping motors require a 
pulsed waveform such as (hat shown in Fig. 14(a). The motor 
advances one position (for example 180 degrees) on each 
pulse. Fig. 14(b) shows a COS/MOS circuit that may be used 
to generate this type of waveform, The crystal frequency and 
the number of countdown stages for this circuit determine 
the pulse trequency. The duty factor is controlled by two 
resettable flip-flops that are clocked inversely by the last 
counting stage and reset by an intermediate stage. The 
output waveform from this circuit will have a duty factor 
that is exactly given by 21—1—N where [is the number of 
the intermediate stage used to reset the shaping flip-flops and 
N is the total number of frequency-divider stages. 


A tuning-fork motor consists of two coils wired in series 
and wound on either side of the fork. A subdivision of the 
crystal frequency drives the coils which electromagnetically 
vibrate the fork. The fork can be linked to an index wheel 
that, in turn, can drive the hands of a watch. 


A balance-whect motor consists of a coil fixed near the 
periphery of a pivoted balance wheel. Permanent magnets are 
attached to one side of the wheel and counterweights to the 
other, The coil can be energized by pulses supplied to the 
gate of an n-channel MOS transistor with the coil connected 
between the drain and the supply voltage of the transistor. 
When the coil is energized, the balance wheel swings toward 
the coil, The momentum of the wheel moves it beyond the 
coil, and spring action then forces it back. Repeated cycles 
generate a back-and-forth type motion which can be linked 
to a wheel for driving the hands of a watch or clock 


Seven-segment liquid-crystal numerals can be driven as 
shown in Fig. 1S. An ac voltage is required across each 


segment of the display to assure long life. For this purpose, a 
60-Hz square wave is applied to one input of each of seven 
exclusive-OR gates. The logic state present at the other input 
determines whether the segment will transmit or scatter light. 


Liquid-crystal displays can be made for operation in 
either transmissive or reflective modes. The transmissive- 
mode type requires a tight source behind the display. The 
light will either be transmitted or not depending upon the 
voltage across the segment. In the reflective-mode type. 
ambient light can be scattered by the liquid crystal material, 
or reflected from a mirrored surface placed behind the 
numeral. If displayed correctly, excellent contrast between 
“on” and “off” segments can be obtained when reflecting or 
scattering only ambient light. 


The light scattering property of liquid-crystal displays 
afters two major advantages. First, the problem of washout in 
high intensity light is prevented. Washout has always been a 
problem with light generating displays. Second, because the 
displays do not generate light, they require negligible power. 
In fact, liquid crystals require the least amount of power of 
any currently available type of display .4 


Light-emitting diodes are somewhat simpler to drive than 
liquid crystals because signals to individual segment and/or 
numerals can be easily multiplexed. Fig. 16 shows a typical 
multiplexed driving circuit. The n-p-n transistor, which is 
common to the cathode of all segments in each numeral, can 
be turned on to address only one particular numeral. The eye 
will hold the reading from all off segments tong enough for at 
least six numerals to be multiplexed. 
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Wristwatches 

In any wristwatch application, size and total operating 
current are perhaps the two most important considerations. 
The total timing circuitry, together with the battery and 
readout device, must fit into a relatively fixed size and have a 
current consumption small enough to allow at least one year 
of life. Size and power considerations also become important 
in crystal selection. The size and cost of a crystal decreases 
with increases in frequency up to about | MHz. The power 
consumption of the oscillator and counter increases with 
frequency. On the basis of these considerations, the most 
popular crystal frequency for wristwatches at present is 
32.768 kHz. Typical packaged sizes for this crystal and 
various available crystal oscillator circuits were discussed in 
an eatlier section of this Note. 
os The choice of a readout device also involves considera- 
o7 tions of size and power as well as, of course, marketing 
considerations. If conventional-hand movements are chosen, 
a motor type of drive must be selected. No great size 
advantage exists over any of the various motor types used in 
this type of application. In addition, all types can be 
designed to operate from 1.1 to 1.6 volts with average 
current consumptions of about 10 microamperes. Sensitivity 
to vibration, however, is one separating characteristic. 
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Fig. 12—- COS/MOS divide-by-60 counter. 
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sate to a certain extent for speed variations produced by 
vibrations, the stepping motor, which is insensitive to 
vibration, remains superior in this respect. At present, 
however, the stepping motor is the more expensive of the 
two types. 

Light-emitting diodes require a minimum of two battery 
cells for proper operation. The required current can be kept 
to about 2 milliamperes per segment when the diodes are 
pulsed from a six-stage ring counter, as shown in Fig. 13. A 
duty factor of 16 per cent is achieved with this arrangement. 
Because of the high currént, however, a continuously 

operating battery-powered display is not possible, and a 
In ispuar RUMER ALS “readout on demand” watch is then necessary. 
9205-20097 Continuously operating liquid-crystal displays are 
Fig. 13— Typical COS/MOS digital clock. possible and practical. RCA wristwatch displays employ 
liquid-crystal material having resistivities of about 5 x 109 
ohms per centimeter, which at a 0.5-mil spacing results in a 
resistance of 6.3 megohms per square centimer, With all 
segments energized, the display consumes only about 1 
REQUIRED DRIVING WAVEFORM microampere of current at 15 volts. Liquid crystals, however, 
BEARS Het TON require a minimum supply of 12 volts to assure good contrast 
Nn ml é between on and off segments. For single-cell operation, a 
de-to-de converter must be used to step the voltage up to the 
(a) w™ grace required 12-to-15-volt level. Transformer and capacitor 
voltage-doubling circuits with conversion efficiencies of 


TN a7 about 75 per cent are typically used for this purpose. 
a a Te Because current consumption is such an important 
hf consideration for wristwatch circuits, the careful considera- 


tion given to the choice of a battery is easily understood. 
Small sifver-oxide and mercury cells are presently popular for 
wristwatch use. Pertinent information on these types of 
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Fig. 14— Generation of required steppingmotor waveforms: (a) required driving 
waveform across stepping motor; (b) COS/MOS driving circuit and output 
svaveforms applied to motor control winding. 
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COS/MOS TIMING-CIRCUIT APPLICATIONS 
The choice of a readout device depends, of course, upon 
the application involved and to a certain extent upon the 
individual characteristics of the device itself. Special 
1 considerations for readvut devices are perhaps best treated in 
a discussion of special requirements for three important 
timing-circuit applications, namely, wristwatches, wall s2cs- 20098 
| clocks, and automobile clocks. Fig. 18— COS/MOS liquid-crystal driving circuit. 
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Fig. 16— Multiplexing driving circuit for light-emitting diodes. 


Mallory cells is shown in Table IV. Most of the cells listed 
will last at least one year with a motor current of 10 
microamperes and a total oscillator and divider current less 
than 5 microamperes at an oscillator frequency of 32.768 
kHz. The voltage for both types of cells is relatively constant 
during the active life listed and falls off rapidly thereafter. 
Typical end-of-life voltages at 1.1 volts for mercury cells and 
1.45 volts for silver-oxide cells. Either type of cell works 
equally well with RCA silicon-gate COS/MOS circuits which 
operate from supply voltages as low as 1.1 volts. 


Wall Clocks 

Size and power limitations for clocks are not as 
restrictive as those for wristwatches. For this reason, 
Jower-cost, higher-frequency crystals may be used. The 
optimum range of crystal frequencies presently appears 10 be 
from 131 kHz to 524 kHz. All the oscillator considerations 
given previously for operation at 32 kHz apply equally well 
to this higher frequency range. The oscillator circuit 
configuration shown in Fig. 9b) is still the optimum type; 
however, the value of the source resistors must be decreased 
to assure adequate gain at the higher frequencies. Source 
resistors are often best chosen experimentally by gradually 
increasing the resistance until an output voltage swing of 30 
to 70 per cent of the supply voltage Vpp is reached. Data 
taken from a typical 262-kHz oscillator circuit that employs 
two 10-kilohm source resistors and a DT-cut, 262-kHz crystal 
are shown in Table V. The table also shows typical counter 
current. 

The most popular readout devices for clocks are 
conventional-hand movements and liquid-crystal displays. 
Continuously operating light-emitting-diode numerals con- 
sume too much current even for long life of C- and D-size 
batteries. In contrast, a typical RCA four-digit liquid-crystal 


Table IV — Typical Data for Mallory Watch Cells 
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Capacity | Height | Oiameter 
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ves | Voltage HA yrs. (in.) {in.} 
WH3 1.35 mi) 25 T0200 ie 0.455 
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Ws 1.55 19 0.210 0.455 
Type A } _t 4 
w4 1.35 W 0.139 0.455 
Be 
WS11 1.55 11 0.164 0.455 
10 R101 
(EXP) 1,35 36 eae | 0.610 
geen 1.65 27 0.190 9.610 
favre 
WwD4 [ 1.36 14 0.149 0.594 
4 
WwO5 1.36 23 0.110 1.003 











display having a 0.4-inch-by-0.6-inch numeral consumes only 
100 microamperes of current with all segments energized, 

Motors for driving the clock hands are typically of the 
balance-wheel or continuously rotating synchronous types. 
Sensitivity to vibration is usually not a restriction; hence, the 
balance wheel motor can be successfully used in place of the 
more expensive stepping motor. Clock motors typically 
require about 300 to 450 microwatts of power, or average 
currents of 200 to 300 microamperes at 1.5 volts. 

These currents, together with the oscillator and counter 
currents given in Table V, can now be compared with 
typical battery capacities. Battery information extrapolated 
from published Eveready data on popular AA-, C-, and D-size 
cells is listed in Table VI.5 Most of the battery current is 
consumed by the motor, and if a total current of 250 
microamperes is assumed, the data show a carbon-zinc C cell 
as the minimum size battery required for one year of life. 


Auto Clocks 

Auto clock circuits are somewhat unique in that power 
considerations are not nearly as restrictive as in other 
portable applications. Although the low-power feature of 
COS/MOS circuits is helpful, the main advantages obtained 


Table V — Typical Data for 262-kHz Oscillator 
and Counter Circuits 
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from the use of COS/MOS in automobile clocks, or in any 
automotive application, are those of wide operating voltage 
and temperature range and high noise immunity. 

With little restriction on power, the choice of a crystal 
depends mainly on cost. Crystals typically used for auto- 
mobile timing applications are AT-cut types that operate at 
frequencies between 1 MHz and 4.2 MHz. The oscillator 
considerations discussed earlier also apply to these frequen- 
cies; however, as the frequency increases, it becomes 
increasingly difficult to maintain a low starting voltage at a 
low current. At high frequencies, the starting voltage and 
current are inversely proportional and are controlled mainly 
by the values of the capacitors on the pi-type feedback 
network and the size of the COS/MOS amplifier transistors. 


Table Vi — Life Data for Typical Batteries 
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All life data assumes 4 continuous drain of 250 pA and an 
end-of-life voltage of 1.1V. 
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For minimum starting voltage, relatively small capacitors 
should be used in the pi-feedback network, and no source 
resistors should be added to the amplifier. As indicated by 
data taken on the circuit shown in Fig. 9b) and shown in 
Table VII, low power can still be maintained even when the 
source resistors are not used. 


Tabte Vil — Typical High-Frequency Data for 
COS/MOS Oscillator and Counter 
Circuits (Low-Voltage Product) 

















The upper limit of the crystal frequency depends not so 
much on power consumption as on the minimum supply 
voltage allowed for circuit operation. The minimum auto- 
mobile battery voltage is generally considered to be 5 volts; 
however, the supply voltage for the timing circuit can be 
considerably less than this value depending upon the design 
of the transient protection circuit, as discussed later. Table 
VIII lists minimum COS/MOS supply voltages for typical 
oscillator circuits. The values shown permit design at two 
temperatures. The lower temperature is often considered 
adequate by auto companies’ with the opinion that the 
minimum battery voltage of 5 volts rarely, if ever, occurs at 
high temperatures. 

The oscillator in a typical auto clock circuit is followed 
by a number of frequency-dividing stages, the last stage of 
which is frequently used to drive a motor. Long counter 
chains are required because of the high oscillator frequency; 
however, the power dissipation of COS/MOS circuits is so 
low that the number of stages is only restricted by chip size 


limitations. Because COS/MOS circuits consume current only 
during switching transitions, each counter stage averages 
one-half the current of the previous stage. The first counter 
stage, therefore, consumes as much current as all of the 
fotlowing stages combined for a counter of infinite length. 
Little difference, then, exists between the power consump- 
tion of a ten-stage or thirty-stage COS/MOS counter. Table 
VIE lists, in addition to the oscillator current, typical values 
of counter current, as well as some typical ranges of peak and 
average motor currents. 
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Current data, such as that shown in Table VII, are 
necessary for a proper design of the transient protection 
circuit, an essential part of any automobile digital logic 
system, Automobile manufacturers disagree on the maximum 
amplitude and decay of transient voltage; however, values 
often used are maximum transients of +120 volts and —90 
volts, each decaying exponentially with a maximum time 
constant of 45 milliseconds. Because standard COS/MOS 
circuits are rated for a maximum supply of [5 volts, a 
protection circuit must be included between the battery and 
the COS/MOS logic. 


Table VII) — Minimum Operating Voltages for 
COS/MOS Integrated Circuits 





Low-Violtage Product 





Silicon-Gate Product 
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Fig. 17 shows a transient-voltage protection circuit that is 
frequently used. Th: zener diode regulates the voltage supply 


for the clock circuits, and the capacitor and series diode 
prevent timing losses during negative transients. For mini- 
mum zener current during transients, the maximum value of 
R should be based on the minimum circuit operating voltage 
and the peak current drawn by the logic circuit and motor at 
the minimum battery voltage. The minimum zener break- 
down voltage is then determined by subtraction of the 
product of the minimum current drain at the normal battery 
voltage and the vatue of R just chosen from the battery 
voltage. A zener brzakdown greater than this voltage assures 
that no unnecessary current will be drawn by the zener 
during normal automobile operation. 


eATTERY of 
TIMING 
oO CIRCUIT 
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10 pF TO 
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Fig. 17- Automobile transient-protection circuit. 


Another important zener characteristic is dynamic 
impedance. During a current surge, the voltage across the 
zenet must not ris? to a damaging level. A value of 22 volts 
for the 45-milliszcond time constant appears safe for 
standard COS/MOS circuits. 


in the design of a typical transient-voltage protection 
circuit, it is assumed that the minimum battery voltage is 5 
volts, that the minimum circuit operating voltage is 3.5 volts 
at a crystal frequency of 3.145728 MHz, and that a peak 
current of 3 milliamperes is obtained at 5 volts. The value of 
the resistance R is then found as (5 — 3.5 + 0.7)/3=250 
ohms, With a minimum current of S milliamperes at 12 volts, 
the minimum zener voltage becomes 12 — 5(0,250) = 11.75 
volts. For a +120-volt transient, the zener could then 
consume a peak current of (120 — 11.8)/250 = 0.4 ampere. 
For a maximum zener voltage of 13 volts, the dynamic 
impedance of the zener must be less than (22V — 13V)/.4A = 
22 ohms. Components chosen in this manner will provide 
adequate protection for anticipated transients. 

Both protection-circuit diodes can be integrated onto the 
COS/MOS chip. When located as shown in Fig. 17, the series 
diode need only have a breakdown rating of about 12 volts. 
Zener diodes that have breakdown ratings of 4.5 to 6.0 volts 
or any multiple thereof can also be integrated onto the 
COS/MOS chip. The breakdown rating can also be increased 
in 0.7-volt steps by addition of forward-biased diodes in 
series. Characteristics of two typical zener diodes integrated 
in series are shown in Fig. 18. Fig. 18(a) shows the area 
around the “knee” of the breakdown region, and Fig. 18(b) 
shows the higher-current region useful for determining the 
dynamic resistance. From the slope of the line, the typical 
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Fig. 18- Oscitlograph tracings showing characteristics of an 
integrated zener diode: (a) low-current region; {b) 
high-current region. 
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dynamic resistance for two diodes is found to be 17.6 ohms 
total, or 8.8 ohms per diode. The diodes are rated to 
withstand 2 0.5-ampere surge current that decays with an 
80-millisecond time constant. The zener diode, then, is 
compatible with present avtomobile protection requirements, 
and integration of this component should represent a 
considerable cost saving, especially. when integrated with the 
series diode. 


Other Applications 

Although wristwatches and clocks of various types are 
important applications of COS/MOS timing circuits, they are 
certainly not the only timing applications which can benefit 
from the unique features of COS/MOS fogic. Applications 
such as fuze timers, feeding systems, automatic sprinklers, 
incubator timers, and other similar systems can be designed 
from infosmation provided on the oscillator and counter 
with only the output device unique to the particular 
application. Automobile applications for COS/MOS circuits 
are almost endless. One can think of speed controllers, digital 
speedometers, miles per gallon indicators, and perhaps even 
estimated-time-of-arrival indicators that, on the basis of the 
given total mileage, would update the time on a dynamic 
basis from information provided by the speedometer, 
odometer, and clock. 


CONCLUSIONS 

The primary advantage of electronic timing circuits over 
conventional mechanical methods of timekeeping lies in the 
geatly increased accuracy permitted by the highly stable 
crystal-controlled oscillator circuit. Although crystal oscil- 
lator circuits have existed for some time, their usefulness in 
portable applications has been somewhat limited because of 
the high current consumption required by the following 
digital logic, The advent of COS/MOS integrated circuits now 
permits the design of complete low-power timing systems. 
The impact of COS/MOS on timing applications is perhaps 
equalled by the recent development of liquid-crystal displays 
and dc-to-de converters that allow low-power continuously 
operating digital displays. Certainly, no great technological 
barriers now exist for the use of electronic timing circuits in 
a wide variety of applications. The search, no doubt, wilt 
always continue for the ideal timekeeping device; however, it 
should be apparent from the information presented that the 
ideal timekeeping unit can now be more closely approached 
than ever before. 
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The RCA COS/ MOS Phase-Locked-Loop 
A Versatile Building Block for Micro- Power 


Digital and Analog Applications 


INTRODUCTION 

Phase-locked-loops (PLL’s), especially in monolithic 
form, are finding significantly increased usage in signal- 
Processing and digital systems. FM demodulation, FSK 
demodulation, tone decoding, frequency multiptication, 
signal conditioning, clock synchronization, and frequency 
synthesis are some of the many applications of a PLL. The 
PLL described in this Note is the COS/MOS CD4046A, 
which consumes only 600 microwatts of power at 10 kHz, a 
reduction in power consumption of 160 times when 
compared to the 100 milliwatts required by similar mono- 
lithic bipolar PLL’s. This power reduction has particular 
significance for portable battery-operated equipment. This 
Note discusses the basic fundamentals of phase-locked-loops, 
and presents a detailed technical description of the COS/ 
MOS PLL as well as some of its applications. 


REVIEW OF PLL FUNDAMENTALS 

The basic phase-locked-loop system is shown in Fig. 1; it 
consists of three parts: phase comparator, low-pass filter, and 
voltage-controlled oscillator (VCO); all are connected to 
form a closed-loop frequency-feedback system. 

With no signal input applied to the PLL system, the error 
voltage at the output of the phase comparator is zero. The 
voltage, Vd(t), from the low-pass filter is also zero, which 
causes the VCO to operate at a set frequency, fo, called the 
center frequency, When an input signal is applied to the PLL, 
the phase comparator compares the phase and frequency of 
the signal input with the VCO frequency and generates an 
error voltage proportional to the phase and frequency 
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Fig. t— Block diagram of PLL. 


difference of the input signal and the VCO. The error 
voltage, Ve(t), is filtered and applied to the control input of 
the VCO; Vd(t) varies in a direction that reduces the 
frequency difference between the VCO and signal-input 
frequency. When the input frequency is sufficiently close to 
the VCO frequency, the closed-loop nature of the PLL forces 
the VCO to lock in frequency with the signal input; i.e., 
when the PLL is in lock, the VCO frequency is identical to 
the signal input except for a finite phase difference. The 
range of frequencies over which the PLL can maintain this 
locked condition is defined as the lock range of the system. 


The lock range is always larger than the band of frequencies 


over which the PLL can acquire a locked condition with the 


signal input. This latter band of frequencies is defined as the 


capture range of the PLL system. 


TECHNICAL DESCRIPTION OF COS/MOS PLL 


Fig. 2 shows a block diagram of the COS/MOS 
CD4046A, which has been implemented on a single 


monolithic integrated circuit. The PLL structure consists of a 
low-power, linear, voltage-controlled oscillator (VCO), and 
two different phase comparators having a common signal- 
input amplifier and a common comparator input. A 5.2-volt 
zener is provided for supply regulation if necessary. The VCO 
can be connected either directly or through frequency 
dividers to the comparator input of the phase comparators. 


The low-pass filter is implemented through external parts 


because of the radical configuration changes from application 
1o application and because some of the components are 
non-integrable. The CD4046A is supplied in a 16-lead, 
dual-in-line, ceramic package (CD4046AD), a 16-lead, dual- 
in-line, plastic package (CD4046AE); or a 16-lead flat-pack 


(CD4046AK). It is also available in chip form (CD4046AH). 
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Fig. 2— COS/MOS PLL block diagram. 


Phase Comparators 

Most PLL systems utilize a balanced mixer composed of 
well-controlled analog amplifiers’ for the phase-comparator 
section. Analog amplifiers with well-controlled gain charac- 
teristics cannot easily be realized using COS/MOS tech- 
nology. Hence, the COS/MOS design shown in Fig. 3 
employs digital-type phase comparators. Both phase com- 
parators are driven by a common-input amplifier configura- 
tion composed of a bias stage and four, inverting-amplifier 
stages. The phase-comparator signal input (terminal 14) can 
be direct-coupled provided the signal swing is within 
COS/MOS logic levels [logic 0< 30% (VDD-VSS), logic 
1> 70% (VDD-VSS) ]. For smaller input signal swings, 
the signal must be capacitively coupledto the seif-biasing 
amplifier at the signal input to insure an over-driven digital 
signal into the phase comparators. 


Phase-comparator | is an exclusive-OR network: it 
Operates analagously to an over-driven balanced mixer. To 
maximize the lock range, the signal and comparator input fre- 
quencies must have 50-percent duty cycle. With no signal 
or noise on the signal input, this phase comparator has 
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Fig. 3- Schematic of COS/MOS PLL phase-comparator 
section. 


an average output voltage equal 10 VDD/2. The low-pass 
filter connected to the output of phase-comparator I supplies 
the averaged voltage to the VCO input, and causes the VCO 
to oscillate at the center frequency (fg). With phase-com- 
parator 1, the range of frequencies over which the PLL can 
acquire lock (capture range) is dependent on the low-pass-filter 
characteristics, and can be made as large as the lock range. 
Phase-comparator I enables a PLL system to remain in lock in 
spite of high amounts of noise in the input signal. 


i]: (SEE FIG 10) 


One characteristic of this type of phase comparator is 
that it may lock onto input frequencies that are close to 
harmonics of the VCO center-frequency. A second charac- 
teristic is that the phase angle between the signal and the 
comparator input varies between 0° and 180°, and is 90° at 
the center frequency. Fig. 4 shows the typical, triangular, 
phase-to-output, response characteristic of phase-comparator 
1. Typical waveforms for a COS/MOS phase-locked-loop 
employing phase-comparator I in locked condition of fy is 
shown in Fig. 5. 
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Fig. 4— Phase-comparator | characteristics at 
lowpass filter output, 
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Fig. 5-- Typical waveforms for COS/MOS phase- 
flocked loop employing phase-comparator f 
in locked condition of fy. 


Phase-comparator (I is an edge-controlled digital memory 
network. It consists of four flip-flop stages, control gating, 
and a three-state output circuit comprising p and n drivers 
having a common output node as shown in Fig, 3. When the 
p-MOS or n-MOS drivers are ON, they pull the output up to 
Vpp or down to Vgg,, respectively. This type of phase 
comparator acts only on the positive edges of the signal- 
and comparator-input signals, The duty cycles of the signal 
and comparator inputs are not important since positive 
transitions control the PLL system utilizing this type of 
comparator. If the signal-input frequency is higher than the 
comparator-input frequency, the p-MOS output driver is 
maintained ON continuously. If the signal-input frequency is 
lower than the comparator-input frequency, the n-MOS 
output driver is maintained ON continuously. If the signal- 
and comparator-input frequencies are the same, but the 
signal input lags the comparator input in phase, the n-MOS 
output driver is maintained ON for a time corresponding to the 
phase difference. If the signal- and comparator-input fre- 
quencies are the same, but the signal input leads the com- 
parator input in phase, the p-MOS output driver is maintained 
ON for time corresponding to the phase difference. Sub- 
sequently, the capacitor voltage of the low-pass filter con- 
nected to this type of phase comparator is adjusted until the 
signal and comparator input are equal in both phase and fre- 
quency. At this stable operating point, both p- and n-MOS 
output drivers remain OFF, and thus the phase-comparator 
output becomes an open circuit and holds the voltage on the 
capacitor of the low-pass filter constant. Moreover, the signal 
at the “phase pulses” output is at a high level, and can be used 
for indicating a locked condition. Thus, for phase-comparator 
Il, no phase difference exists between signal and comparator 
input over the full VCO frequency range. Moreover, the power 
dissipation due to the low-pass filter is reduced when this 
type of phase comparator is used because both the p- and n- 
MOS output drivers are OFF for most of the signal-input 
cycle, It should be noted that the PLL lock range for this 
type of phase comparator is equal to the capture range, 
independent of the low-pass filter. With no signal present at 
the signal input, the VCO is adjusted to its lowest frequency 
for phase-comparator UI. Fig. 6 shows typical waveforms for 
a COS/MOS PLL employing phase-comparator If in a locked 
condition. 
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Fig.6 ~— Typical waveforms for COS/MOS phase-locked loop 
employing phase-comparator I! in locked condition. 


Fig. 7 shows the state diagram for phase-comparator I; 
each circle represents a state of the comparator. The number 
at the top inside each circle represents the state of the 
comparator, white the logic state of the signal and 
comparator inputs, represented by a 0 ora 1, are given by 
the left and right numbers, respectively, at the bottom of 
each circle. The transitions from one state to another result 
from either a logic change on the signal input (I) or the 
comparator input (C). A positive transition and a negative 
transition are shown by an arrow pointing up or down, 
respectively. The state diagram assumes that only one 
transition on either the signal input or the comparator input 
occurs at any instant. States 3, 5, 9, and 11 represent the 
condition at the output of phase-comparator I! when the 
p-MOS driver is ON, while states 2, 4, 10, and 12 determine 
the condition when the n-MOS driver is ON. States 1, 6, 7, 
and 8 represent the condition when the output of phase- 
comparator IJ is in its high impedance state: i.e., both p- and 
n-devices are OFF, and the phase-pulses output (terminal 1) 
is high. The condition at the phase-pulses output for alf other 
States is low. 

As an example of how one may use the state diagram 
shown in Fig. 7, consider the operation of phase-comparator 
Il in the locked condition shown in Fig. 6. The waveforms 
shown in Fig. 6 are broken up into three sections: section I 
corresponds to the condition in which the signal input leads 
the comparator input in phase, while section I! corresponds 
to a finite phase difference. Section II¥ depicts the condition 
when the comparator input leads the signal input in phase. 
These three sections all correspond to a locked condition for 
the COS/MOS PLL; i.e., both signal- and comparator-input 
signals are of the same frequency but differ slightly in phase. 
Assume that both the signal inputs begin in the 0 state, and 
that phase-comparator II is initially in its high-impedance 
output condition (state 1), as shown in Figs. 7 and 6, 
respectively. The signal input makes a positive transition 
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Fig. 7— State diagram of phase-comparator II. 


first, which brings phase-comparator II to state 3. State 3 
corresponds to the condition of the comparator in which the 
signal input is a 1, the comparator input is a 0, and the 
output p-device is ON. The comparator input goes high next, 
while the signal input is high, thus bringing the comparator 
to state 6, a high-impedance output condition. The signal 
input goes to Zero next, while the comparator input is high, 
which corresponds to state 7. The comparator input goes low 
next, bringing phase-comparator II back to state 1. As shown 
for section I, the p-device stays on for a time corresponding to 
the phase difference between the signal input and the 
comparator input. Starting in state { at the beginning of 
section Hl, the comparator input goes high first, while the 
signal input is low, bringing the comparator to state 2. 


Following the example given for section I, the comparator 
proceeds from state 2 to states 6 and 8 and then back to 1]. 
The output of phase-comparator II for section III corres- 
ponds to the n-device being on for a time corresponding to the 
phase difference between the signal and comparator inputs. 

The state diagram of phase-comparator II completely 
describes all modes of operation of the comparator for any 
input condition in a phase-locked-loop. 


Voltage-Controlled Oscillator 

Fig. 8 shows the schematic diagram of the voltage- 
controlled oscillator (VCO). To assure low system-power 
dissipation, it is desirable that the low-pass filter consume 
little power. For example, in an RC filter, this requirement 
dictates that a high-value R and a low-value C be utilized. 
The VCO input must not, however, load down or modify the 
characteristics of the low-pass filter. Since the VCO design 
shown utilizes an n-MOS input configuration having prac- 
tically infinite input resistance, a great degree of freedom is 
allowed in selection of the low-pass filter components. 

The VCO circuit shown in Fig. 8 operates as follows: 
when the inhibit input is low, P3 is turned full ON, 
effectively connecting the sources of Py and P2 to Vpp; and 
gates i and 2 are permitted to function as NOR-gate 
flip-flops. N1 together with external-resistor R1 form a 
source-follower configuration. As long as the resistance of R1 
is at least an order of magnitude greater than ON resistance 
of Ny (greater than 10 kitohms), the current through Rt is 
linearly dependent on the VCO input voltage. This current 
flows through Pj, which, together with P2. forms a 
current-mirror network. External resistor R2 adds an 
additiona) constant current through P!; this current offsets 
the VCO operating frequency for VCO input signals of 0 
volts. In the current-mirror network, the current of P2 is 
effectively equal to the current through Pl independent of 
the drain voltage at P2, (This condition is true provided P2 is 
maintained in saturation; in the circuit shown, P2 is saturated 
under all possible operating conditions and modes). The 
set/reset flip-flop composed of gates t and 2 turns ON either 
P4 and N3. or P5 and N2. One side of the external capacitor 
C1 is, therefore, held at ground. while the other side is 
charged by the constant current supplied by P2. As soon as 
CI charges to the point at which the transfer point of 
inverters | or 5 is reached, the flip-flop changes state. The 
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Fig. 8— Schematic of COS/MOS VCO section. 


charged side of the capacitor is now pulled to ground. The 
other side of the capacitor goes negative, and discharges 
rapidly through the drain diode of the OFF n-device. 
Subsequently, a new half-cycle starts. Since inverters | and § 
have the same transfer points, the VCO has a $0-percent 
duty-cycle. Inverters 1 through 4 and $ through 8 serve 
several purposes: (1) they shape the slow-input ramp from 
capacitor C1 to a fast waveform at the flip-flop input stage, 
(2) they maintain low power dissipation through the use of 
high-impedance devices at inverters | and 5 (slow-input 
wave-forms), and (3) they provide fou inverter delays before 
removal of the set/reset flip-up triggering pulse to assure 
proper toggling action. 
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In order not to load the low-pass filter, a source-follower 
ouput of the VCO input voltage is provided (demodulated 
output). If this output is used, a load resistor (Rs) of 10 
kitohms or more should be connected from this terminal to 
ground. If unused, this terminal should be left open. A logic 
OQ on the inhibit input enables the VCO and the source 
follower, while a logic ! turns off both to minimize stand-by 
power consumption. 


Performance Summary of COS/MOS PLL 

The maximum ratings for the CD4046A COS/MOS PLL, 
us well as its general operating-performance characteristics 
are outlined in Table 1. The VCO and comparator 
characteristics are shown in Tables Hand III, respectively. 
Table IV summarizes some useful formulas as a guide for 
approximating the values of external components for the 
CD4046A ina phase-locked-loop system, When using Table IV, 
one should keep in mind that frequency values are in 
Kilohertz, resistance values are in kilohms, and capacitance 
values are in microfarads. The selected external components 
must be within the following ranges: 


10 K2.< Ry, Ry, Rg <1 M2 
C, > 100 pF at Vpp 2 5V 
Cy > 50 pF at Vypp 2 10V 


In addition to the given design information, refer to Fig. 9 
for Ry, R2,and Cy component selections, The use of Table IV 
in designing a COS/MOS PLL system for some familiar appli- 
cations is discussed below. 
APPLICATIONS OF THE COS/MOS PLL 

The COS/MOS phase-locked-loop is a versatile building 
block suitable for a wide variety of applications, such as FM 
demoduiators, frequency synthesizers. split-phase data 
synchronization and decoding, and phase-locked-loop lock 
detection. 
FM Demodulation 

When a phase-locked-loop is locked on an FM signal, the 
voltage-controfled oscillator (VCO) tracks the instantaneous 
frequency of that signal. The VCO input voltage, which is the 
filtered error voltage from the phase detector, corresponds to 
the demodulated output. Fig. 11 shows the connections for 
the COS/MOS CD4046A PLL as an FM demodulator. For 
this example, an FM signal consisting of a 10-kilohertz carrier 
frequency was modulated by a 400-Hz audio signal. The total 
FM signal amplitude is 500 millivolts, therefore the signal 
must be ac coupled to the signal input (terminal 14). 


Table |— Maximum ratings and general operating character- 
istics 


MAXIMUM RATINGS, Absolute-Maximum Values: 


Storage Temperature Range --65°C to +160 °C 
Operating Temperature Range 

Ceramic Package Types -55°C 104125 °C 
Ptastic Package Ty pes 40°C 10 +85 8G 


OC Supply Voltage Range 


{Von - Vgs) ..- ~0.5 Vito 115, Vv 
Device Dissipation (Per Pkg.) : 200 mW 
All (aputs Vsg€V\Vop 
Recommended 

DC Supply Voltage 'Vnp  Yss) Sto 1s v 
Recommended 
Input Voltage Swing Vop © Vgg 


General Characteristics (Typical Values at Vop - Vss 
= 10 V and Tq = 25°C) 


Operating Supply Voltage (Von — Vgs) . 51015 V 
Operating Supply Current 
Inhibit = "0" fg= 10kHe. Vop= 5V 70 pw 
@C, = 0.0001 uF 

R,=1MA foe 1OkHY. Voy 710 V... 600uW 
Inhioit = 1" 25 pA 
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Table II— VCO electrical characteristics 


VCO Characteristics (Typical Values at Vop — Vss 
= 10 V and Ta = 25°C} 


Maximum Frequency 1.2 MHz 
Temperature Stability 600 pom/°C 
Linearity (Vycg in SV E25V).....1% 
Center Frequency Programmable with 
Ry and C, 
Frequency Range Programmable with 
Ry, Rp, and C, 
Input Resistance... 1012 
Output Voltage . 10 Ve.9 
Duty Cycle . . - 50% 
Rise & Fall Yimes 50 ns 
Output Current Capability 
“1” Drive @ Vg = 9.5 V 18 mA 
"0" Sink @ Vg = 0.5 V 2.6 mA 


Demodulated Output 
Oftser Voltage 


vco in - YDEMOD our) @1 MA.1.5.V 


Table 111 — Comparator electrical characteristics 
Comparator Characteristics (Typical Values at Vop — Vss 
=10V and Ta = 28°C) 


Signal Input 
input Impedance 400 KR 
laput Sensitivity | 
ac coupled 400 mv 
dened "0" € 30% (Ve — Vgc) 


“1 > 70% oo - Vss} 
Comparator input Levels (term. 3) < 30% {Vpp - ss! 


> 70% oo — Vgs} 





Output Current Capability 


Comparator # (term. 2) and Comparator II (tarm, 13): 


—1.8 mA 
2.6 mA 


bia es Orive @ Vg =95V 
"0" Sink @ Vg O05V 


Comparator (i Phase Pulses (term. 1) 


—0.5 mA 
1.4mA 


“1 Drive @ Vo -95V 
“0” Sink @ Vo -0.5V 


Phase-comparator J is used for this application because a PLL 
system with a center frequency equal to the FM carrier 
frequency is needed. Phase comparator I lends itself to this 
application also because of its high signal-input-noise- 
rejection characteristics. 

The formulas shown in Table IV for phase-comparator | 
with R2 =e are used in the following considerations. The 
center frequency of the VCO is designed to be equal to the 
carrier frequency, 10 kHz. The value of capacitor C,, 500 pF, 
was found by assuming an Ry = 100 KQ for a supply voltage 
Vpp = 5 volts. 

These values determined the center frequency: 





fo = 10 kHz 
The PLL was set for a capture-range of 
weal fait 4 
ft In VR3C> .4 kHz 





to allow for the deviation of the carrier frequency due to the 
audio signal. The components shown in Fig. 10 for the 
low-pass filter (R3 = 100k2,C2=0.] uF) determine the 
above capture frequency. 

The total current drain at a supply voltage of 5 voits for 
this FM-demodulator application is 132 microamperes for a 4 
dB S/N-ratio on the signal input, and 90 microamperes for a 
10dB S/N ratio. The power consumption decreases because 
the signal-input amplifier goes into saturation at higher input 
levels. 
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Fig, 10— FM demodulator. 


Fig. 11 shows the performance of the FM/demodulator 
circuit of Fig. 10 at a 4 dB S/N-ratio. The demodulated 
output is taken off the VCO-input source follower using a 
resistor Rs (Rg = 100 k8).The demodulation gain for this 
circuit is 250 mV/kHz. 
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Fig. 11— Voltage waveforms of FM demodulator. 


Frequency Synthesizer 

The PLL system can function as a frequency-selective 
frequency multiplier by inserting a frequency divider into the 
feedback loop between the VCO output and the comparator 
input. Fig. 12 shows a COS/MOS low-frequency synthesizer 
with a programmable divider consisting of three decades. N, 
the frequency-divider modulus, can vary from 3 to 999 in 
steps of J]. When the PLL system is in lock, the signal and 
comparator inputs are at the same frequency and 


f=NX 1 kHz 


Therefore, the frequency range of this synthesizer is 3 to 999 
kHz in 1-kHz increments, which is programmable by the 
switch position of the Divide-by-N counter. 
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Fig, 12— Low-frequency synthesizer with three- 
decade programmable divider. 


Phase-comparator If is used for this application because it 
will not lock on harmonics of the signal-input reference 
frequency (phase-comparator 1 does lock on harmonics), 
Since the duty cycle of the output of the Divide-by-N 
frequency divider is not 50 percent, phase-comparator II 
lends itself directly to this application. 

Using the formulas for phase-comparator 11 shown in 
Table IV, the VCO is set up to cover a range of 0 to 1.1 MHz. 
The low-pass filter for this application is a two-pole, lag-lead 
filter which enables faster locking for step changes in 
frequency. Fig. 13 shows the waveforms during switching 
between output frequencies of 3 and 903 kHz. The figure 
shows that the transient going towards 3 kHz on the VCO 
control voltage is overdamped, while the transient to 903 
kHz is underdamped. This condition could be improved by 
changing the value of R3 in the low-pass filter by means of 
adjustment of the switch-position hundreds in the Divide- 
by-N counter. 
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Fig. 13— Frequency-synthesizer waveforms, 


Split-Phase Data Synchronization and Decoding 

Fig.14 shows another application of COS/MOS PLL, 
split-phase data synchronization and decoding. A split- 
phase data signal consists of a series of binary digits that 
occur at a periodic rate, as shown in waveform A in Fig. 14, 
The weight of each bit, Cor 1, is random, but the duration of 
each bit, and therefore the periodic bit-rate, is essentially 
constant. To detect and process the incoming signal, it is 
necessary to have a clock that is synchronous with the 
data-bit rate. This clock signal must be derived from the 
incoming data signal. Phase-lock techniques can be utilized to 
recover the clock and the data. Timing information is 
contained in the data transitions, which can be positive or 
negative in direction, but both polarities have the same 
meaning for timing recovery. The phase of the signal 
determines the binary bit weight. A binary 0 or 1 is a positive 
or negative transition, respectively, during a bit interval in 
split-phase data signals. 


LOW Pass FILTER 








(COM OMCMC] 


Fig. 14— Split-phase data synchronization and decoding. 


As shown in Fig, 14, the split-phase data-input (A) is first 
differentiated to mark the locations of the data transitions. 
The differentiated signal, (B), which is twice the bit rate, is 
gated into the COS/MOS PLL. Phase-comparator Il in the 
PLL is used because of its insensitivity to duty cycle on both 
the signal and comparator inputs, The VCO output is fed 
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into the clock input of FF1 which divides the VCO 
frequency by two. During the ON intervals, the PLL tracks 
the differentiated signal (B); during the OFF intervals the 
PLL remembers the last frequency present and still provides 
a clock output. The VCO output is inverted and fed into the 
clock input of FF2 whose data input is the inverted output 
of FF1. FF2 provides the necessary phase shift in-signal (C) 
to obtain signal (D), the recovered clock signal from the 
split-phase data transmission. The output of FF3, (E), is the 
recovered binary information from the phase information 
contained in the split-phase data. Initial synchronization of 
this PLL system is accomplished by a string of alternating 0's 
and 1’s that precede the data transmission. 


Phase-Locked-Loop Lock Detection 

In some applications that utilize a PLL, it is sometimes 
necessary to have an output indication of when the PLL is in 
lock. One of the simplest forms of lock-condition indicator is 
a binary signal. For example, a 1 or a O output from a 
fock-detection circuit would correspond to a locked or 
unlocked condition, respectively. This signa) could, in turn, 
activate circuitry utilizing a locked PLL signal. This detection 
could also be used in frequency-shift-keyed (FSK) data 
transmissions in which digital information is transmitted by 
switching the input frequency between either of two discrete 
input frequencies, one corresponding to a digital | and the 
other to a digital 0. 


Fig. 15 shows a lock-detection scheme for the COS/MOS 
PLL. The signal input is switched between two discrete 
frequencies of 20 kHz and 10 kHz. The PLL system uses 

















epagaea 


Fig. 15— Lock-detection circuit. 


phase-comparator Il; the VCO bandwidth is set up for an 
fmin of 9.5 kHz and an fmax of 10.5 kHz. Therefore, the 
PLL locks and unlocks on the 10-kHz and 20-kHz signals, 
respectively. When the PLL is in lock, the output of 
phase-comparator | is low except for some very short pulses 
that result from the inherent phase difference between the 
signal and comparator inputs, the phase-pulses output 
(terminal 1) is high except for some very small pulses 
resulting from the same phase difference. This low condition 
of phase comparator I is detected by the lock-detection 
circuit shown in Fig. 15. Fig. 16 shows the performance of 
this circuit when the input signal is switched between 20 and 
10 kHz. It can be seen that after about five input cycles the 
lock detection signal goes high. 


‘Signa iNeut 
J 20-10-20 KHz 


+ VCO OUTPUT 


| LOCK 
| DETECTION 
3 OUTPUT 

CONTROL VOLTAGE 
’ F GOVERNING SIGNAL 
INPUT FREQUENCY 





VERT. Sv/DIV 
HORIZ. I ms/DIV 


Fig. 16— Lock-detection-circuit waveforms, 
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Using the CD4047A in COS/MOS Timing Applications 


by J. Paradise 


Many applications exist today for COS/MOS multivi- 
brators— both oscillators and one-shots-in analog and digital 
circuits, The requirements for these applications vary widely 
in such parameters as voltage range, temperature stability, 
power dissipation, drive capability, and external-component 
cost. No design is optimum for all of the above considerations, 
However, the RCA-CD4047A Monostable/Astable Multivi- 
byator fulfills the needs of most applications in this timing 
area. It can function as either an oscillator or one-shot with 
many additional features, and will meet the power dissipation, 
stability, and speed requirements of most COS/MOS systems. 

This Note compares some simpler types of oscillator circuits 
with the CD4047A in both theoretical and actual performance, 
and provides application information on the CD4047A which 
should prove useful to COS/MOS circuit and system designers. 


COS/MOS DISCRETE RC OSCILLATOR 


The simplest type of RC-oscillator is shown in Fig. 1. It 
consists of two inverters (which may be taken from standard 
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Fig. 1 — Simplest COS/MOS RC oscitlator. 


RCA COS/MOS parts, i.e., CD4007A, CD4001A, CD4011A, 
etc.) and a single resistor and capacitor. The operating wave- 
forms for this circuit are shown in Fig. 2. 

The circuit operates as follows: depending on the output 
tevels of inverters A and B, at any instant C will be charging or 
discharging through R. When the waveform at point (2) in the 
circuit passes through the transfer voltage of inverter A, this 
inverter will switch and cause inverter B to switch. Subse- 
quently, the waveform at point (2) would be exponentially 
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Fig, 2 — RC-oscillator operating waveforms. 


increasing or decreasing with discontinuities equal in magnitude 
to Vpp during the instant of switching. However, since 
point (2) is protected by a standard input-protection circuit 
common to COS/MOS devices, the waveform is clamped at one 
diode voltage drop above Vpp and below Vgg. (Refer to wave- 
forms in Figs. 2 and Al). The calculations for the period of this 
multivibrator circuit are shown in Appendix A; the final 
equation for the period T is 


. (VrR) (Vpp — VtR) 


T=-—RC1 5 
(Vpp t Vp) 


a) 


where VR is the switching or transfer point of the inverter, 
and Vp is the diode forward voltage drop. 

Equation (1) shows that the period of the multivibrator, T, 
is sensitive to changes in Vpp, as illustrated by the graph of 
time period, T, vs transfer voltage as a function of Vpp in 
Fig. 3. In addition to the strong dependence of actual time 
period on the Vpp chosen, the graph also illustrates that, for 
agiven Vpp, a full transfer voltage spread of 30 to 70 per cent 
of Vpp (unit-to-unit worst-case variations) yields a change in 
time period of about 10 per cent from the nominal 50-per-cent 
transfer-voltage percentage values. 
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Fig. 3 ~ Discrete RC-oscillator time period as a function of trensfer 
voltage. 


The above analysis is valid only at low frequencies (i-e., less 
than 50 kHz). As the multivibrator frequency approaches this 
value, other considerations must be taken into account: 


\, The input protection circuit has a Vpp diode with a 
finite resistance and capacitance; the diode will discharge at 
the rate associated with this small time constant. 

2. In the negative direction, there is a diode as well as a 
series protection resistor (1 to 3 kilohms); the time constant of 
this diode is even longer than that of the Vpp diode. 

3. The propagation delay of the inverters used is added to 
the time period during each charge and discharge cycle. Since 
the delay is a function of Vp, small changes in Vpp at high 
frequencies will cause the time period to vary. 

4. There is a finite output impedance associated with the 
inverter which is in series with the external timing resistor. 
Since this output impedance also changes with Vpp, at high 
frequencies where the external resistor becomes small, the 
multivibrator stability decreases with small variations in Vpp. 

The negative features of the input protection circuit can be 
partially compensated for by the addition of a resistor, Rg, in 
series with the input protection circuit, as shown in Fig. 4. 
Although the input inverter A is still clamped at one diode drop 
above Vpp or one diode drop below Vgg, the waveform at 
point (4) is allowed to swing well above Vpp and below Vgg. 
The larger swing reduces the dependency of transfer-voltage 
variations upon stability; the variable characteristics of the 
input protection circuit and their effect upon stability are 
greatly reduced. An analysis of this circuit is presented in 


® 
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Fig. 4 — RAC-oscillator with the addition of Ry 


Appendix B; the equation for the period, T, for this circuit is 
shown in Eq. 2. 


8s... 
When K = >, Tis: 


(tr) (pp - VtR) 
(pp t Vp) 
wk [Vpp + Vp) 
" K(¥ppt Verl * [VR - Yi @) 


T=-RCIn 


«_) 
“(K +1) 





«&_) 
“(K+ 


K [Vpp+ Vp) 
"K [2 Vpp - Vrri ¢ [Vpp - YrR - Vol 





In this form it is easy tosee that when K approaches zero, the 
circuit and associated waveforms are equivalent to those of 
Fig. A-1. On the other hand, as K approaches infinity, the vari- 
ation in period as a function of Vpp is reduced to zero. This 
result is shown in Fig. 5, where period as a function of trans- 
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Fig. 5 — Discrete RC-osciltator time period as a function of transfer 
voltage. 

fer voltage is plotted for different value of Vpp and K, and 
Fig. 6, which shows period as a function of K for different 
values of Vpp. Variation in period with transfer voltage is 
also reduced as K increases. This variation decreases from 
10 per cent for K = 0 to about 5 per cent as K gets large. 

There are some obvious limitations in the value of Rg that 
can be used. Besides the disadvantages in this circuit if R is to 
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Fig. 6 — Discrete RC-oscillator time period as a function of constant, k. 


be made adjustable, the user must be careful with component 
layout, if Rg is made very large, to take advantage of the im- 
provement in stability. A time constant and phase shift is pro- 
duced by Rgand stray wiring and breadboard capacitance, 
see Fig. 7. This shift creates a switching delay in the circuit which 
changes the time period and, in addition, may cause spurious 
oscillations and glitches in the multivibrator circuit. A reason- 
able value for K would be anywhere from 2 to 10, with maxi-' 
mum and minimum values for Rg determined by the above 


considerations. 
R | 
Rs ih 
AWN 
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Fig. 7 — RC-oscilfator circuit with stray capacitance. 


COS/MOS INTEGRATED RC OSCILLATORS 


The RCA-CD4047A is an integrated RC oscillator that 
eliminates most of the disadvantages of the discrete circuits 
previously discussed. The primary reason for this improved 
performance is the special input-protection circuit which 
allows the capacitor charging waveform to swing above Vpp 
and below Vgg without the need for an external resistor. This 
circuit, shown in Fig. 8, has the same time period and stability 
as the citcuit in Fig. 4 for the case where the value of Rg is 
infinite. However, a resistor is eliminated, as well as the dis- 
advantages of a time constant caused by the resistor. 
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There are two additional reasons for expected improvement 
with the CD4047A. First, the transfer-voltage point of the 
input inverter, A, is tested between 33 and 67 per cent of Vpp 
instead of between 30 and 70 per cent; this narrower test range 
improves stability by reducing unit-to-unit variations. In ad- 
dition, large buffers are used for inverters D and E; this practice 
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Fig. 8 — CD4047A oscillator section 


teduces the effect of changes of device output impedance with 
period stability. A derivation of period, T, for this circuit is 
presented in the Appendix C; the final equation for T becomes: 
(¥tR) (Dp — VR) 
=-rcn CIRO bp— Ste) ___. @) 
(Vpp * Vrr) (2 Vpp - Vrr) 


Figure 9 shows a graph of stability as a function of transfer 
voltage based on this equation. 

The graph of Fig. 9 shows a maximum variation of 5 per 
cent between minimum (2.197 RC) and maximum (2.307 RC) 
time periods. A value of 2.25 RC yields a + 2.5 per-cent vari- 
ation. Typical values of period variations at high frequencies 
and temperature extremes are included in the published data 
for the CD4047A.! 
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Fig. 9 — CD4047 time period ss a function of transfer voltage. 


An additional advantage of the CD4047A is a reduction in 
power dissipation as compared to the discrete multivibrators 
discussed previously. {nverter A in Fig. 8 is designed with high- 
impedance components that limit power dissipation during the 
time that the inverter operates in the middle of its transfer 
region. Four additional inverters are used to gradually shift from 
a very-high-impedance inverter at the input to a very-low- 
impedance driver in series with the external timing resistor. 
Calculations for power dissipation and a comparison of Pdiss 
for the CD4047A and a discrete oscillator are presented in 
Appendix D; the result is 


Paiss = 2 CV2 f (4) 


This equation specifies the power dissipated in the external 
components only. At low frequencies, where most of the 
power will be dissipated in R, power can be minimized by 
using a small value of C, since the formula shows the power 
is a function of C and not R. 

Additional power is consumed in the CD4047A chip as a 
function of frequency. Fig. 10 shows curves for theoretical 
minimum power dissipation, actual CD40474 oscillator-power 
dissipation, and discrete oscillator-power dissipation as a 
function of frequency. 
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Fig. 10 ~ Comparison of Pajcs for discrete osciltator and CD4047 with 
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CMOS DISCRETE ONE-SHOTS 


Fig. 11 illustrates one of several simple monostable circuits 
which can be employed in non-critical timing circuits.2 The 
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Fig. 11 — COS/MOS monostable circuit. 


circuit pulse width is dependent upon the transfer voltage of 
inverter B as time constant RC charges to Vp from Vgg. The 
pulse width is defined as 


(pp - Yrr) 
= RC in —————_—— $ 
"C Ypp ) = 


Fig. {2 shows the variation in pulse width as a function of 
transfer voltage for this device. 

There are several alternatives to the circuit shown in 
Fig, 12.2 These alternatives have the advantage of greater 
stability, but at the expense of two time constants required in 
circuit and, in some cases, the addition of a diode. 
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Fig. 12 — Simpte one-shot time period as e function of transfer voltage. 
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COS/MOS INTEGRATED ONE-SHOTS 


The CD4047A, when used in the monostable mode, again 
has several advantages over discrete designs. A high degree of 
accuracy can be achieved with one time constant, and power 
dissipation is lower than with discrete designs. Fig. 13 shows 
that many functions can be achieved with the CD4047A, in- 
cluding leading and trailing-edge triggering, and retriggering. 

The pulse width, Ty, is expressed below: its derivation is 
given in Appendix E. 


(VrR) (pp) ~ VtR) 


— 6 
(2 Vpp) 2 Vpp - Vrr) " 


Ty = —-RC In 


Fig. 14 is a graph of pulse width versus transfer voltage based 
on the above equation. 

The equations for monostable-mode power dissipation are 
also derived in Appendix E. For a repetitive output on the 
CD4047A, power dissipation can be expressed by the following 
equation: 


2. 875 CVpp2 





Pdiss = x (duty cycle) qa”) 


™ 


USING THE CD4047A — SPECIAL CONSIDERATIONS 


A number of circuit considerations are explained below 
which will aid the user of the CD4047A. 

A clamping circuit is provided on the chip to reduce the 
recovery time (tr) that would normally exist in other mono- 
stable circuits; see Figs. 15 and 16. Fig. 17 shows a plot of 
monostable-pulse-width stability as a function of duty cycle 
for specific R and C external components. Note that there is 
no appreciable change in pulse width until the duty cycle 
approaches 100 per cent. A disadvantage to the clamping circuit is 
that it introduces additional capacitance at the RC common 
node (Fig. 16), which may be noticeable for short pulse widths 
in the monostable mode only. Some diffusion capacitance 
present at the base of the n-p-n transistor is used to quickly 
charge C to Vpp after the one-shot cycle has terminated. This 
capacitance is multiplied by the beta of the transistor, and is in 
parallel with the external C during the time interval that the 
transistor is on(Vpqy — Vpg <t < Vgp). Thus, when values of 
C tess than 1000 picofarads are used, the actual width will be 
Jonger than that predicted by the formula. Fig. 18 is a graph of 
actual, typical pulse widths as a function of external C used 
under these conditions. Note that the minimum values of C 
used in the graph are the smallest that can be used in the 
CD4047A to assure proper operation of the circuit. 


The waveform in Fig. 15 shows that two positive transitions 
are encountered by the control circuitry in the CD4047A. 
These transitions are necessary to make the output flip-flop at 
pin 10 toggle properly to produce the single pulse needed in 
monostable operation. However, at pin 13, the waveform of 
Fig. 19 results; the pulse width of the spike is equivalent to 
the propagation delay of the circuit. This spike will normally 
prevent the user from using pin 13 in the monostable mode. In 
the astable mode, however, pin 13 can be used whenever a 
50-per-cent duty cycle and higher deive capability are not 
required. The advantage to the use of pin 13 under these 
conditions is that the frequency of the waveform at pin 13 is 
twice that of pin 10 for the same external timing components. 

When the CD4047A is used in the retrigger mode, the 
retrigger input is connected directly to the set input of FF4, 
as shown in Fig. 13. This connection means that the output at 
pin 10 wiil be high during the time that a high level is present 
on pin 12. Thus, if normal one-shot operation is required at 
any time that the circuit is in the retrigger mode, the input 
pulse should be shorter than the expected pulse at the output. 
Note that in the retrigger mode the output pulse width is not 
referenced to the last positive-going edge produced at the 
input because of the asynchronous nature of the circuit. The 
output actually terminates when two internal-oscillator leading 
edges have been received by FF4, after the high level present 
on pin 12 has been removed. The output width variation will 
then be between one and two time constants referenced to the 
trailing edge of the input at pin [2, see Fig. 20. 


A section on timing-component limitations is presented in 
the CD4047A data sheet.! It should be emphasized that it is 
desirable to use a small value of capacitance wherever possible. 
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Fig. 13 — CD40474 logic diagram. 
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Fig. 14 — CD4047A one-shot pulse width as a function of transfer voltage. 
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Fig. 16 — CD4047A4 clamping circuit. 
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Fig. 17 - CO4047A monostable accuracy as a function of duty cycle. 
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Fig. 18 — CD4047A pulse width as a function of capacitance. 
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Fig. 19 — CD4047A one-shot output et pin 13. 
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Fig. 20 — CD4047A retrigger-mode waveforms. 


The circuit will work well even when the value of R approaches 
or exceeds 1 megohm. For very low frequencies, where a large 
value of capacitance is needed, the selection of the capacitor is 
very important. It must be nonpolarized because there is no 
reference ground at either of the two pins to which C is con- 
nected. The capacitor parallel resistance (i.e., leakage) must 
also be at least an order of magnitude higher than the external 
R used. This criterion generally eliminates electrolytic ca- 
pacitors and those made of materials which could produce 
greater leakage current than that permitted for proper circuit 
operation. 

Because of the internal circuit construction, there is no 
guarantee as to what de level will be present on the output at 
pin 10 or 11 when power is first turned on. If this condition 
must be guaranteed, a system-power on pulse input to pin 9 
can be made to assure that pin 10 will initially be at a low logic 
level. The pulse can be generated from one of the circuits 
shown in Fig. 21. 


Yoo Yoo 





TO PING 0.05, 
1” oF cD4047 oF 


TO FIND 
OF CD4047 


vss Vss 


92¢$- 22669 


Fig. 21 ~ C04047A power-up reset circuits. 


Although the CD4047A data sheet calls for a minimum 
input pulse duration of 200 nanoseconds at 10 volts and 500 
nanoseconds at 5 volts, shorter pulses (due to transients, etc.) 
occur frequently in system applications where the CD4047A is 
used. Such narrow pulses may not be ignored by the CD4047A, 
but may instead cause Q to go high permanently or until a reset 
input occurs. The circuit shown in Fig. 22 eliminates this 
problem by essentially “lengthening” the trigger pulse by 
feeding back through Ra and C, a current pulse when Q goes 
from 0 to a 1. The particular values shown have been tried and 
found to work well, even for extremely short input pulses 
(less than 20 nanoseconds). 
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Fig. 22 — Input-putse stretcher circuit. 


APPLICATIONS 


NOISE DISCRIMINATOR 


Fig. 23 illustrates an application of the CD4047A in a noise- 
discriminator circuit. By adjusting the external time constant, 
a pulse width narrower than that determined by the time 
constant will be rejected by the circuit. The output pulse will 
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Fig. 23 — Noise-discriminator circuit. 


follow the desired input, but the leading edge will be delayed 
by the selected time constant. Fig. 24 shows typical waveforms 
with the circuit in operation. 
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Fig. 24 — Noise-discriminator circuit waveforms. 


FREQUENCY DISCRIMINATOR 


The CD4047A can be used as a frequency-to-voltage con- 
verter, as shown in Fig. 25. A waveform of varying frequency is 
applied to the +TR input. The one-shot will produce a pulse of 
constant width for each positive transition on the input. The 
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Fig, 25 — Frequency-discriminator circuit. 


resultant pulse train is integrated to produce a waveform whose 
amplitude is proportional to the input frequency. The wave- 
forms of Fig. 26 were taken with the circuit in operation. 
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Fig. 26 - Frequency-discriminator-circuit waveforms. 


LOW-PASS FILTER 


A simple circuit using the CD4047A as a low-pass filter is 
shown in Fig. 27. The time constant chosen for the multi- 
vibrator will determine the upper cutoff frequency for the 
filter. The circuit essentially compares the input frequency 
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Fig. 27 — Low-pass filter circuit. 


with its own reference, and produces an output which follows 
the input for frequencies less than foytoff, and a low output 
for frequencies greater than foyrofy. Figs. 28 and 29 show 
waveforms with the low-pass filter circuit in operation. 
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Fig. 28 — Low-pass fifter-circuit waveforms. 
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Fig. 29 ~ Low-pass-circuit waveforms. 
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BANDPASS FILTER 


Two CD4047A low-pass filters can be employed to con- 
struct a bandpass filter, as illustrated by the circuit in Fig. 30. 


The pass band is determined by the time constants of the two 


filters. If the output of filter No. 2 is delayed by Cy, the 
CD4013A flip-flop will clock high only when the cutoff fre- 
quency of filter No. 2 has been exceeded; this point is illus- 
trated in the timing diagram in Fig. 30. The Q output of the 
CD4013A is gated with the output of filter No. 1 to produce 
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Fig. 30 — Bandpass filter circuit and waveforms. 


the desired output. Typical operation of the circuit is shown in 
Fig. 31, where the input frequency is swept through the pass 
band. 
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Fig. 31 — Bandpass-filter-circuit wevetorms. 
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ENVELOPE DETECTOR 


The CD4047A can be used as an envelope detector by 
employing it in the retrigger mode, as shown in Fig. 32. The 
time constant is selected so that the circuit will retrigger at the 
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Fig. 32 - Envelope-detector circurt. 


frequency of the input pulse burst. A dc level appears at the 
output for the duration of the input pulse train. Fig. 33 shows 
waveforms taken with the circuit in operation. 
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Fig. 33 ~ Envelope-detector circuit waveforms. 


PULSE GENERATOR 


Several CD4047A units can be connected together to pra- 
duce a general-purpose laboratory pulse generator, as shown in 
Fig. 34. The circuit shown has variable-frequency and pulse- 
width control, as well’ as gating and delayed sync capability, 
Gating can be controlled from a high- or low-level input. 
Automatic 50-per-cent duty-cycle capability is included, as 
normal or inverted output. 

CD4047A No. 1 is connected as a gated, astable multi- 
vibrator, and, with the RC values shown, can produce over- 
lapping ranges of frequencies from 2 Hz to 1 MHz. For free- 
tunning operation, the Gate/Free-Run switch is closed, and 
the Gate Level switch is placed in the high-level position. 
Standby operation can be achieved with the Gate Level 
switch in the low-level position. When gating, the Gate/Free- 
Run switch is open, and the Gate Level switch is set to the 
appropriate position. The gate signal is applied to the Gate In 
jack. 

CD4047A No. 2 is triggered from the gated, astable multi- 
vibrator, and produces a narrow sync pulse which can trigger an 
oscilloscope or generator. The sync pulse is obtained from the 
Sync Out jack. 

If a 50-per-cent duty cycle is desired, the Duty Cycle switch 
is set in the 50-per-cent position, and the output is obtained 
from CD4047A No. 1. The Signal Polarity Switch determines 
whether the Q and Q output is used. 


CD4047A No. 3 produces a variable, delayed (from 1.5 
microseconds to 250 milliseconds) output with respect to the 
sync pulse when the Delay switch is in the IN position. This 
one-shot is bypassed when the Delay switch is in the OUT 
position (the inherent delay is approximately 400 nanoseconds), 

CD40474 No, 4 is a monostable multivibrator which re- 
ceives trigger pulses from CD4047A No. 1 or No. 3. It can 
produce overlapping ranges of pulse widths from 1.5 micro- 
seconds to 200 milliseconds with the values shown. 

The signal output is buffered with the CD4041A to 
allow the pulse generator to drive any required load. The 
circuit shown has the advantages of being compact, battery- 
powered, and COS/MOS compatible. In addition, it is capable 
of being run from the same power supply as the device under 
test to assure that the input levels are. the same as Vpp when 
the power-supply voltage is varied. 


MISCELLANEOUS APPLICATIONS 


The basic properties of good stability in the astable mode, 
and stable pulse delay and width control in the monostable 
mode, make the CD4047A a useful building block in many 
systems, such as PMOS clock generation, audio tone gener- 
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ation, semiconductor memory systems, semiconductor memory 
exercisers, and general-purpose functional-testing systems. This 


ope Application Note will serve as a guideline in incorporating the 
j poate CD4047A in a system design. 
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Appendix A ~ 
Calculation of the Period of an Astable Multivibrator Using a Single RC Time Constant 
Yoot¥p in Fig. A-1: 
a5 ty /RC 
Vos" tt: VPR=(Vpp + Vp)e ! 
YTR 
t) =—-RCin 
Vpp + Vp 
VaR —t2/RC 
ty: Vpp - Vrr=(Ypp+Vp)e 2 
Ypp ~ VrR 
tg = RC in -——_—— 
Vpp + Yp 
Vv: 
a And the period of an astable multivibrator using a single RC 
Yss~ Yo time constant is: 
(VtR) (Ypp - rR) . 
vees—226s7 Paty stg= REIN ye vp 
Fig, A-1 -- RC oscitiator waveform for the circuit of Fig. 1. 
Appendix B — 
Analysis of Circuit Shown in Fig. 4 
Ypp* TR 
po? Yo 
Ypo 
In Fig. B-1: 
=t)/RC 
Vre ty: VrR=(Vpp+Vp)e 
(och 
ee ppt Vb 
Vss 
=e 2: Vpp - Vrr=(Vpp + Vp) e ~t2/RC 
a Vpp — Vv: 
Vss-Ytr Sa le 1) —ofe tg fe — t2 ty = —RCIn ~DD_ TTR 
7 Ypp * Vp 
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Fig, 8-1 — RC weveform for the circuit of Fig. 4. 
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Fig. 8-2 - Initial conditions for solving period tp. 


Circuit initial conditions are shown in Fig. B-2. In the 
figure 
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Fig. 8-3 — Initial conditions for solving period ty. 


Circuit initial conditions as shown in Fig. B-3. In the 
figure 


dv Vpp-V Vp+V 





—= = B-3 
dt R Rs Be9) 
Solving Eq. (B-3) for V the final voltage across the 
capacitor, yields 
-Kitp Ky 
= = B— 
V=Coe Pa {B—4) 


where Cz = VrR — Vpp = initial voltage across capacitor 
Ky, Kp are same values as for above for ta. 


Eq. (B-1) is solved for V; the final voltage across the 
capacitor is 
K 
v=Cye Kita 7 (B-2) 
1 


where C; = VR = initial voltage across capacitor 


RgtR 
K1= RsRC 





oe VpR — Rs Vpp 
2° RgRC 


By inserting these values into Eq. (B-2) and setting the 
final voltage across the capacitor, V, to Vp, ta becomes 
Pee Rs [Vpp t Vp} 
ta=— In 
AT LRS*R]" Rg [Vpp + Veal +R [VaR — Vp] 





Insertion of these values into Eq. (B-4), with 
V=—Vp yields 





RsRC] Rs IVpp + Vp) 
tas 
B Rg tR 


and T=t) +t7+tattp 


The equations for ta, tg, and T can be simplified by 
expressing Rg as a multiple of R. Let 


= = and combining the expressions for ty and tz. The 
resulting expression for T is 
(VrR) (Vpp ~ YrR) 


T=-RCIn 
(Vpp t Vp)? 


K [Vpp + Yp) 
K [Vpp + Vrp] + [Vrr - Vp) 


kK [Vpp * Vp) 
"kK (2 Ypp — Yrrl * [Yop— Vrr — Yo) 








Appendix C — 
Calculation for Period of Astable Multivibrator Using Integrated Techniques 
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Fig. C-1 — CD4047A RC oscitator waveform. 





In Fig. C-1 
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Vpp - Vv 
een 
2Vpp ~ Ver 


And the period of the astable multivibrator using integrated 
techniques is 
rR) (pp — Yr) 


T=—RC in ———_—— 
(Vpp * VrR) 2 Ypp — Vrr) 


pete Sas 
Rs [2 Vpp - Vrrl + 8 !Ypp - YtR ~ Vol 
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Appendix D — 
Power Needed for Charge and Discharge of an External Capacitor During One Cycle 
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Fig. D-1 — Waveform for calculating power dissipation. 2.25C Vpp2 suns T/2 
=o en 
Assume for this calculation that Vpp = 50-per-cent Vpp, T ° 





and that T = 2.2 RC. Since charge and discharge cycles are 
symmetrical, the calculation can be performed by analyzing Substituting T= 2.2 RC 
a discharge cycle only. See Fig. D-1. 2.0C 
P= -4 (2.28) Vpp? le ~?? -11 =“ EVpp? 
V 215 Vppe ~H/RC 
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Appendix E — 
Equations for Pulse Width Tay of CD4047A in Monostable Mode 
2 Yoo ty: Vege 2Vppe “H/C 
VIR 
ty =-RCIn 5 
Vv 
Yoo DD 
VtR 
} 12: Vpp - Vrr# © Vpp — Virr)e ~#2/RE 
Ygs + 
| Ypp ~ YTR 
Vir Yoo t 4 tg —RC In Vanes 
je 1) ——+fe— 12 ——a} 2Vpp - YTR 


}—-————._ Tu >>} v2c5-22684 


And the equation for the pulse width, Ty, of a CD4047A in 
Fig. E-1 — CD4047A RC waveform, monostable mode. 


the monostable mode is: 


Note that the waveform in Fig. E-1 is not symmetrical because (V7R) (Vpp - Ver) 
the timing capacitor is initially charged to Vpp. In the Ty = ty ttg= -RCh 
monostable mode, the circuit goes through one cycle only. (2 vpp) (2 Vpp - Vrr) 


Monostable Power Dissipation 


c 7 1 
To calculate the power dissipation for the circuit in the Pty == (2 Vad e un) (2Vqae —t/RC) dt 
monostable mode, refer to Fig. E-1. If it is assumed that ™ 2 RC 


VR = 50-per-cent Vip, Fig. 14 shows that Thy = 2.485 RC. 














tg is the same as in the astable calculation, ie., ty = 1.10 RC 
and Pi2 = CV2f tor Ver = 50-per-cent Vpp. Thus, t) in the “ Co 4 Vag? ty _21/RC 
mtonostable mode = 2.485 RC -- 1.10 RC = 1.385 RC. = e dt 
Iq RC 
co 
1 i CV dv f° cV dv 
Rea ~~ dt+ “dv Cc 
™ dt dt =. 2 e-2t/RC | ty 
° ty Ty 7 Vda" ® 
oO 
Substituting t; = 1.385 RC 
t 
I f 1 evav 1 4 
ease S at+ — cy2 c 1.875 C Vdd 
T Pep =~ 2 Vdd? [e —2-77 — 1] =-——————. 
Ty of dt M tl T™ ™ 
He C Vdd2 C Vad2 
where V=2Vppe —Y/RC and P=Piy + Pry = (1.875 + 1) Tye es Tw 
- : t/RC F titive output from the CD4047A 
me eee lox or a repetitive output fron 1c 
a7 (ag) Vo | 
2.875 C Vdd? 
P=—__—~x duty cycle 
T™ 
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COS/MOS Interfacing Simplified 


by D. Blandford and A. Bishop 


COS/MOS with its wide range of operating supply voltages, 
low input current, and low power consumption. interfaces 
easily with many electronic devices. In addition, COS/MOS 
circuitry can easily be added to a system and can often be 
operated from the existing power supply. Examples of practical 
circuits for a wide variety of interfacing situations are given in 
this Note; design constraints are included in each case. 

Note that the CD4000 Series type numbers are followed by 
a suffix letter, A or B, which specifies the maximum operating 
voltage for the device: A, 3 to 15 volts; B, 3 to 18 volts. The 
outputs of all B-type devices are buffered and have the same 
output drive current and equal source and sink capabilities. 
Table { shows some characteristics of B-type devices. 


essentially “capacitive”, which means that many COS/MOS inputs 
may be driven by a single TTL output. The actual number 
depends on the frequency of operation. 

In the COS/MOS to TTL interface, Fig. 3, the requirement 
is to sink sufficient current in the low output state at a maxi- 
mum output voltage of 0.4 volt. Table If] gives the current 
sinking capability of some CD4000-series devices. Note that 
all B-type devices have the same standard output drive and are 
capable of sinking two jow-power TTL loads, worst case. For 
the higher power types of TTL, the CD4049A and CD4050A 
buffers may be used. Table [V shows the minimum and typical 
fanout for each TTL family. The buffer takes its power from 
the S-volt TTL supply and has an additional advantage in that 


Table | — Output Drive Current—B-Type Devices 


Output BD, BK, BF, BH BE 
Drive Symbol Vpp Vg -55°C +25°C  +125°C  -40°C +25°C_ = +85°C_—+25°C Units 
Current Volt ‘Volt Min. Min. Min. = Min. Min. Min. Typ. 
5 04 05 0.4 0.3 0.45 04 0.36 08 mA 
Sink IpN 10 0S 1 09 0.65 1.0 0.9 0.75 1.8 mA 
5 46 -05 -0.4 0.3 -045 -04 0.36 -08 mA 
Source IpP 5 25 -2.0 -1.6 ~-1.15  -18 -1.6 1.30 ~3.2 mA 
10 oS -1 -0.9 0.65 -1.0 -0.9 0.75 -18 mA 
COS/MOS to TTL it can accept input voltage swings of 5 to 15 volts from the 


In interfacing TTL with COS/MOS with a common power 
supply of between 4.5 and 5.5 volts, the guaranteed active- 
pull-up TTL output voltage of 2.4 volts is lower than the 
minimum COS/MOS input voltage required to guarantee 
switching, 3.5 volts, Fig. 1. This difference is overcome by the 
use of an external resistor, Rx in Fig. 2, which is also the re- 
sistor to be used for open-collector-output TTL at a Vpp of 
5 volts. The minimum value of Rx is fixed by the maximum 
sink current, e.g., 1.6 milliamperes for 74-series TTL, its 
maximum value by Igy, the off leakage of the output sink 
transistor. As shown in Table II, the values of Rx between 
1.5 and 4.7 kilohms are suitable for all the TTL families under 
worst-case conditions. The COS/MOS input impedance is 
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Fig. 1-TTL to COS/MOS voltage levels. 
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Fig. 2—TTL to COS/MOS interface. 


Tabte tt-Values of Ry for TTL—-COS/MOS Interface 


Characteristic 74 ‘74H 74L 74LS 748 
Rx min. (ohms) 390 270 1.5k 820 270 
Rx max. (kilohms) 4.7. 4.7. 27. 12) 47 


preceding COS/MOS system. 
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Fig. 3-COS/MOS to TTL interface. 


To gain improvements in speed and noise immunity in a 
system using a COS/MOS supply voltage greater than +5 volts, 
high-voltage open-collector TTL circuits such as the 7416, 
7417 or 7426 may be used, as shown in Fig. 4. The value of 
the pull-up resistor Ry will depend on the actual value of 
Vpp: at 10 volts, 39 kilohms would be suitable. 

COS/MOS to HNIL 

The wide operating-voltage range and low power con- 
sumption of COS/MOS circuitry enables it to operate from the 
HNIL power supply. Most CD4000A circuits will drive the 
HNIL input directly; for example, in Fig. 5, the CD4081B 
output sinks the required 1.4 milliamperes at an output voltage 
typically less than 0.5 volt. The HNIL output-voltage levels, 
0.8 volt and 10 volts, enable it to interface directly with the 
COS/MOS input with good noise immunity. 
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Table IV—Fanout of CD4049A and CD4050A Buffers to TTL 


TTL Family 
Buffer Fanout 74 74H 74L 74LS 748 
Minimum 1 ] 14 7 i 
Typical 3 2 28 14 2 
+5V +570 +15 V 
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Fig. 4—~TTL to COS/MOS at a Vp greater than 5 volts. 
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Fig. 5-COS/MOS to HNIL ta COS/MOS interface. 


COS/MOS to OTL 

The COS/MOS to DTL interface requires a buffer, such as 
the CD4049A shown in Fig. 6, to sink the DTL input current 
of 1.5 milliamperes at 0.4 volt. Fanout to DTL circuits depends 
on the sink-current capability of the COS/MOS buffer used. 
For the CD4049A and CD4050A, typical fanout is 3. 

The DTL to COS/MOS interface requires no special con- 
sideration because the interna! pull-up resistor in DTL circuits 
and the extremely low input current of COS/MOS circuits 
ensures a high logic level almost equal to the power-supply 
voltage. 


45V 
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Fig. 6&-COS/MOS to DTL to COS/MOS interface. 


Table 11I—Minimum Current-Sinking Capability of COS/MOS Devices 


COS/MOS Sink Current (mA at 25°C 
Type Description Vo = 0-4 Volt, Vpp = 5 Volt) 
Ceramic Plastic 
CD4000A Dual 3-Input NOR Gate Plus Inverter 0.4 0.3 
CD4001A Quad 2-Input NOR Gate 0.4 0.3 
CD4002A Dual 4-input NOR Gate 04 0.3 
CD4007A Dual Complementary Pair Plus Inverter 0.6 03 
CD4009A/49A —Inverting Hex Buffer 3.0 3.0 
CD4010A/SOA Non-Inverting Hex Buffer 3.0 3.0 
CD4011A Quad 2-Input NAND Gate 0.2 a1 
CD4012A Dual 4-Input NAND Gate 0.1 0.05 
CD4041A Quad True/Complement Buffer 04 0.2 
CD4031A — 64-Stage Static Shift Register 1.3 13 
CD4048A Expandable 8-Input Gate 1.6 1.6 
CD4XXXB Any B-Type Device Output 0.4 04 
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COS/MOS to 10k ECL 

COS/MOS and 10k ECL are not normally interfaced, but 
they can be readily by using the 10124 and (0125 devices 
which ase intended for conversion between ECL and TTL. This 
interface requires that the COS/MOS device be operated at a 
S-volt Vpp, as shown in Fig. 7, Where greater speed is 
required of the COS/MOS system, it can be operated with 
Vpp at the ECL ground and Vog at --12 volts, In the latter 
case, a IN914 diode clamps the COS/MOS output to Veg as 
shown in Fig. 8. At supply voltages greater than 6 volts, a 
COS/MOS buffer should not be used, as over-dissipation will 
occur in the buffer, 
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Fig. 7~10k ECL ta COS/MOS and COS/MOS to 10k-ECL. interface. 
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Fig. 8-COS/MOS at 12 voles to 1Ok-ECL interface. 


COS/MOS to NMOS 

‘The increasing use of n-channel MOS memories means that 
interfaces between COS/MOS and NMOS are now common. 
In a system of 1k. memories, such as the type 2102, which 
employ peripheral COS/MOS circuitry for address, read/write, 
chip select and data handling, the COS/MOS circuitry can be 
supplied from the 5-volt power supply of the memory. Inputs 
to the memory are then COS/MOS compatible, and direct 
interface is permitted. The data output requires only a single 
pull-up resistor, Rx, as shown in Fig. 9, to ensure an 
acceptable high-state output voltage. 


cos/ Mos 
SYSTEM 
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Fig. 9-Direct interface between COS/MOS and 
atk memory, type 2102. 

A 4k-bit, dynamic, n-channel RAM, such as the 2107A, 
has +{2-volt and —5-volt supplies as well as the +5-volt Voc 
supply, as shown in Fig. 10. The COS/MOS peripheral cir- 
cuitry in this system is probably best operated from the +12- 
volt supply, ensuring good speed characteristics and noise 
immunity. The S-volt input signals to the memory are pro- 
vided by CD4050A buffers powered by the S-volt Voc 
supply. The 12-volt-swing chip-enable signal is directly com- 
patible with the 12-volt COS/MOS system. The data output 
uses a single transistor to generate the required 12-volt logic 
swing; memories added to provide an increase in word 
capacity are wire-OR’ed at the data output pin of the memory. 
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92c8-2464 
Fig. 10-~COS/MOS to n-channel dynamic-RAM interface. 


COS/MOS to PMOS 

Silicon-gate PMOS static shift registers operating from 
+5-volt and —12-volt supplies are directly compatible with a 
COS/MOS system operating from the +5-volt supply with 
Vgg at zero volts. The only additional component required 
is a clamp diode to Vgg on the data output, as shown in Fig. 
11, because the unloaded PMOS output voltage will go 
negative in the low output state. 
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Fig. 11-COS/MOS to PMOS stoatic-shift-register intarface. 


COS/MOS to Industrial and Power-Control Circuits 

Industria! control systems employ greater logic swings 
than IC logic systems, such as COS/MQS, to achieve high 
noise immunity and to enable them to operate from readily 
available high-voltage supplies and to interface with electro- 
mechanical equipment. 

Fig. 12 shows a simple, resistive-divider circuit used to 
interface a system with a 24-volt logic swing to COS/MOS; 
the circuit could readily be modified for even higher voltage 
swings. The capacitor filter enhances the excellent noise 
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Fig. 12—industrial contrat ta COS/MOS intartace. 


immunity of the COS/MOS logic, and the two clamp diodes 
ensure that the input signal voltage is between Vpp and 
Vgg. An alternative circuit using a zener diode is shown in 
Fig. 13. 


A single-transistor level-converter interfaces a COS/MOS 
device to ‘an industrial control system, as shown in Fig. 14. 
The transistor is driven directly from the COS/MOS device 
output (Fig. 23 describes the method of calculating the 
values of the resistors needed in Fig. 14). 
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Fig, 13—Zener diode industrial controt interface. 
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Fig. 14-COS/MOS to industriaf-controt interface. 
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The slow pulse edges typically found in an industrial 
contro} system can be speeded up in the COS/MOS system by 
a Schmitt-trigger circuit, the CD4093B, Fig. 15(a). At a 
Vpp of 5 volts, Vy is typically 0.6 volt, Fig. 15(b). 
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Fig. 15—fa) COS/MOS Schmitt-trigger, {b) typical waveforms 
for Schmitt-triggor. 


A high-power coil, such as the solenoid of a printer 
hammer, which requires about 1 ampere at 70 volts, may be 
driven from a COS/MOS system by using a Darlington 
transistor as shown in Fig. 16. A typical value of Vpp fora 
type 2N6385 transistor is 1.5 volts at a collector current of 
1 ampere and a minimum gain of 1000, so that the output 
source transistor of the CD4073B has to supply 1.5 milli- 
amperes, The value of resistor R is chosen so that Vpg is 
sufficient to guarantee this output current. Suitable values 
of R for use with a B-type device are given in Fig. 16 for a 
Vpp of 5, 10, and 15 volts. 
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Fig. 16-COS/MOS system driving a printer-hammer solenoid 
with the aid of a Darlington transistor. 
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Power-control SCR’s and triacs may also be driven 
directly by COS/MOS outputs, A sensitive-gate SCR, such as 
the 106B1, may be controlled directly by a COS/MOS gate, 
such as the CD4069B, and thus be able to control directly 
2.5 amperes at reverse voltages up to 600 volts, as shown in 
Fig. 17. 


Yoo toov 
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v2cs-26649 
Fig. 17~COS/MOS directly driving a sensitive-gate SCR. 


SCR's and triacs with gate currents in the miltiampere 
tegion may be controlled by a buffer, such as the CD4049A. 
This buffer could, in turn, be controlled by a COS/MOS 
system or, as in Fig. 18, by an opto-coupler to provide 
greater isolation, 
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Fig. 18~High-voltage logic to COS/MOS driving an SCR. 


In cases where a single-gate output source or sink current 
proves insufficient, it is possible to parallel the inputs and 
outputs of gates on the same chip, as in Fig. 19. Gates not on 
the same chip and buffer circuits should not be operated in 
parallel as over-dissipation may result. 


C4501 920§-24651 


Fig. 19—Paralleling inputs and outputs. 


interfacing Op-Amps to COS/MOS 

COS/MOS circuits may be connected directly to the out- 
put of an op-amp operating between -the normai +15-voft 
supply rails, as in Fig. 20, provided clamp diodes to Vp and 
Vgg are used to ensure that the COS/MOS input voltage does 
not go outside the range Veg Vip. Resistor R3 limits the 
op-amp output current should the op-amp output voltage tend 
toward the negative rail. 
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| Fig. 20—Split-rail op-amp to COS/MOS interface. 


Fig. 21 shows a CA74I-type op-amp operated between 
Vpp and Veg with a resistive divider on the non-inverting 
op-amp input. 
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Fig. 21—Interface of op-amp and COS/MOS with common supply rail. 


COS/MOS Driving Displays 

Digital systems now employ a great variety of digital 
displays, so that their interface to COS/MOS is a common 
requirement; 


CGS/MOS TO LED’S 

LED’s may be driven directly from a COS/MOS buffer, 
such as the CD4050A shown in Fig. 22, at a drive current of 15 
milliamperes if a power supply of approximately {0 volts is 
available. 

Seven-segment LED displays connected in either common 
anode or common cathode configurations may be driven at 
supply voltages as low as +5 volts by the seven-transistor 
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Fig, 22-COS/MOS buffer driving an LED. 


arrays CA3081 and CA3082. Fig. 23 shows one of the seven 
transistors of the CA3081 with an LED load. The figure also 
shows the method of calculating Rp and Ry. The base drive 
current available depends on the CD4000A Series device used 
and the values of Vpp and Vps. As shown in Fig. 24, the base 
drive current increases with both Vpp and Vpg. Fig. 25 
shows one of the seven transistors of the CA3082 driving a 
common-cathode LED. The method of calculating the value of 
emitter resistor Ry is also shown in Fig, 25. 
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Fig. 23-COS/MOS driving a transistor that has an LED load, 
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Fig. 24-CD40014~—typical p-chenne! drain cheracteristics. 





ec Yoo” Yos~ Yee: — Yeo 
ca: Oe Os Be te 
TLEO 
92C8- 24656 


Fig. 25-COS/MOS driving e transistor with a cammon-cathode- 
connected LED toad. 


COS/MQOs TO LCD 
Seven-segment liquid-crystal displays may be driven directly 
by COS/MOS circuits CD4054A, CD4055A or CD4056A, as 
shown in Fig. 26. These circuits contain the internal level- 
shifting circuitry needed to convert the typically S-volt input 
logic-level swing to the 30-volt peak ac signal required to 
drive the dynamic-scattering LCD. 
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Fig. 26—Using the CO4Q55A to drive a liquid crystal. 


COS/MOS TO GAS-DISCHARGE DISPLAY 
The popular seven-segment gas-discharge display requires 
a cathode drive current that varies from segment to segment. 
Manufacturers supply drivers which are COS/MOS compatible 
at their inputs so that they can interface a COS/MOS system to 
the gas-discharge display without additional circuitry. 
REFERENCE 


1. “COS/MOS Digital Integrated Circuits”, RCA DATABOOK 
Series SSD-203B, 1975. 
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Applications of the RCA-CD4093B 


COS/MOS Schmitt Trigger 
by D. J. Blandford 


This Note describes the characteristics and some typical 
applications of the CD4093B COS/MOS quad two-input NAND 
Schmitt Trigger. The CD4093B may be used in all applications 
in which the logical NAND function is required and, in addition, 
in a whole range of timing, waveshaping, and interfacing appli- 
cations in which the Schmitt Trigger action on the inputs 
is utilized, 

CHARACTERISTICS 

The CD4093B consists of four Schmitt triggers in a fourteen- 
pin package, Each of the four devices is a two-input NAND 
gate with Schmitt action on each input, yielding a typical 
hysteresis voltage of 2.0 volts with a 10-volt supply without 
the need for any external components. In addition, the 
CD4093B is compatible, pin for pin, with the popular 
CD4011A quad NAND gate, has the balanced and standard- 
ized output drive of the 18-volt COS/MOS “B” series types, 
and has low propagation delay and very low power dissipation. 
Table I summarizes these characteristics, 


If now the input voltage is reduced, the output stays low 
(Vgg) until Vn is reached. At this point the output goes high 
(Vpp) and remains high as the input voltage is reduced to zero 
(Vgs). The hysteresis voltage is the difference between Vp and 
Vn and is typically 0.6 volt for a 5-volt Vpp and 2.0 volts for 
a 10-volt Vpp. 
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Fig.2 — Transfer characteristic of the CD40938. 


TABLE | 


Static and Dynamic Electrical Characteristics at 25°C 





CHARACTERISTIC 
QUIESCENT DEVICE CURRENT 


OUTPUT VOLTAGE LOWLEVEL 
HIGH LEVEL 


NOISE IMMUNITY 


OUTPUT DRIVE CURRENT SINK 


SOURCE 


HYSTERESIS VOLTAGE 


PROPAGATION DELAY TIME 
CL = 50 pF 
TRANSITION TIME 
CL = 50 pF 


Fig.1 shows the functional diagram of the Schmitt trigger; 
note that each input has the standard COS/MOS input pro- 
tection network and that each output is double buffered. 
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Fig.1 — Functional diagram of the CD4093B, COS/MOS Schmitt trigger. 
One of four Schmitt triggers is shown. 


Fig.2 shows the transfer characteristic of the Schmitt 
trigger. The genera) shape of this characteristic is the same 
for all values of Vpp, but the relative values of Vp,Vn and 
Vu change with Vpp as shown in the data sheet. As the input 
voltage is increased from zero (Vgg), the output remains high 
{Vpp) until Vp is reached. At this point the output goes low. 
(Vg) and remains low as the input voltage is raised to Vpp. 
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SYMBOL|VOLTS | VOLTS | VALUES 
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Fig.3 shows a graph of the typical hysteresis voltage Vy as a 
function of supply voltage Vpp. 


Fig.4 shows the input/output characteristics of the CD- 
4093B; the output characteristic shown is the same for any 
COS/MOS output, including the Schmitt trigger. The input 
characteristic is unique to the Schmitt trigger and shows that, 
when driven by another COS/MOS device, the Schmitt trigger 
has more than 50-percent noise immunity in each state. 
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Fig.3 — Typical percent hysteresis vs supply voltage. 


Figs.5 and 6 show measurements of voltage and energy 
noise immunity for the Schmitt trigger. Fig.5 shows, for 
example, that for a Vpp of 5 volts, the noise immunity in each 
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Fig.4 — input and output characteristics. 


state exceeds the supply voltage (5 volts) for pulses shorter 
than 200 nanoseconds. The energy noise immunity plotted 
in Fig.6 against pulse width is the product of noise-pulse volt- 
age, noise-pulse time, and the appropriate value of the output 
drive current for the device under test. The units of energy are 
nanojoules qo? Joule). At each value of the supply voltage 
the curve has a minimum value. Inspection of Fig.6 shows that 
the value of the minimum energy noise immunity increases 
with increasing Vpp, and occurs at a lower value of noise- 
pulse width. 
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Fig.5 — Voltage noise immunity of the CD40938. 


Another important property of the Schmitt trigger is 
illustrated in Fig.7, which compares the supply current taken 
by the CD4093B with that of the CD4011A, with a long rise- 
and fall-time input. The power dissipated by the Schmitt 
trigger is clearly much less than that dissipated by the quad 
NAND gate, so that the Schmitt trigger should be used in appli- 
cations in which slow input edges are anticipated. 

APPLICATIONS 

The application of the CD4093B COS/MOS Schmitt trigger 
in situations which require the logical NAND function and in 
timing, waveshaping, and interfacing applications in which the 
Schmitt trigger action on the inputs is utilized are discussed 
below. 
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Fig.6 — Energy noise immunity of the CD40938. 
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Fig.8 — Sine-wave to square-wave converter. 


C; Ry and RQ bias the input midway between Vn and Vp, the 
input threshold voltages, to provide a square wave at the output. 


Slow Edges — Slow edges are a common phenomenon in digital 
systems, for example, at the output from a transducer, at the 
end of a long line, or an output with large capacitive load, or 
on the output of a filter. The Schmitt trigger is particularly 
useful in generating a waveform with fast edges in these 
applications, see Fig.9. 
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Fig.9 ~ Sharpening up a slow edge. 
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With an input edge time of 1 second and an output tran- 
sition time of 100 nanoseconds, the improvement in edge time 
is a factor of 107. With longer input edge times the improve- 
ment is even greater. 

Timing — In general, timing circuits use external resistors and 
capacitors to provide time constants. The advantage of the 
CD4093B COS/MOS Schmitt trigger in these applications is 
that the very high input impedance permits the designer to 
use high values of timing resistance. Therefore, iong delay 
times may be produced with moderate values of capacitance, 

and small, low-cost capacitors may be used for short and 

medium time delays. 

Edge Delays — In the circuit of Fig.10, the output failing edge 
is delayed with respect to the input leading edge by a time tdy 
given by: 





Vpp - Vp 
When the input goes high (VDD) the capacitor charges up 
towards Vpp through R. When input B reaches Vp, the out- 
put goes fow (Vgs). As soon as input A goes low, the output 


goes high. 
s cD40938 
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By connecting one input to Vpp, as in Fig.11, both edges 
are delayed, because now, when input A goes low, output C 
temains low until capacitor C discharges to Vn. At this time, 





the output goes high. td_ is given by: 
Ypp 
=RC 
td In Vn 
Voo 74 Co4093B 
re ® 


® © 





92¢5~26931 


Fig.11 — Delayed putse. 


Both edges may be separately delayed by connecting 
different RC timing components to each input, as in Fig.12. 


Now td, and td_ are given by: 
o 


Vpb 
tdy = R2C2 In Vpp — Vp 


=, YDD 
td. RyCy in 
= 1C] V; 


Rt va C040938 
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Fig.12 ~ Separate delay to each edge. 


Edge Detector — Fig.3 shows a circuit that provides a short 
negative-going output pulse for every positive-going edge at 
the input. The input waveform is coupled to the input by 
capacitor C; the pulse length depends, as before, on R and 
C. If a negative going edge detector is required, the circuit 
of Fig.14 should be used. 


(/4 cb4093B 





Fig.? — Power consumption with siow input edge; a comparison of the 
CD40938 with the CD4011A. 





Waveshaping 

Sine Wave to Square-Wave Converter — Fig.8 shows a typical 
application of the Schmitt trigger, the sine-wave to square- 
wave converter, The sine input is ac coupled by capacitor 
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1 
i 
ha i im 
o2cs-25938 
Fig. 13 — Rising-edge detector, 


9208-25930 


Fig. 10 — Delay on teading edge. 
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Fig.14 — Falling-edge detector. 


Power-On Reset 

A reset pulse is often required at power-on in a digital logic 
system. This type of reset pulse is ideally provided by the cir- 
cuit of Fig.15(a). Because of the high input impedance of the 
Schmitt trigger, long reset pulse times may be achieved without 
the excess dissipation that results when both output devices are 
on simultaneously, as in an ordinary gate device, Fig.15(b). 





82C$-25935R) 
Fig.15 — Reset circuit; a comparison af the CD4093B with the CD4011. 
Astable Oscillators 


A range of astable oscillators may be easily constructed by 
using the CD4093B. Fig.16 shows the basic circuit and its 


iva co40938 
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Np \ \ \ 
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Yss 
Power 4 1 een 
9268-25936 


Fig.16 — Astable multivibrator. 
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associated waveforms. Before power is applied, input and out- 
put are at ground potential and capacitor C is discharged. On 
power-on, the output goes high (Vpp) and C charges through 
R until Vp is reached; the output then goes low (Vsg). C is 
now discharged through R until Vn is reached, The output 
then goes high and charges C towards Vp through R. Thus 
input A alternately swings between Vp and Vn as the output 
goes high and low. One important advantage of this circuit 
is that the oscillator is self-starting at power-on. 
The oscillator period is given by: 


Ter +1) 
where Vpp - Vn 
+, =RC In Vpp ~ Vp 
and 
r=RCIn ye 


In general 7) # 7, so that to get a 1:1 : mark-to-space ratio 
the circuit of Fig.17(a) should be used. When the output is 
low in the circuit of Fig.17, C is discharged through Ry in paral- 
lel with Ro, which shortens 7. If Ra ismuch smaller than Ry, 
short, negative-going pulses are produced, as in Fig.17(b). 


4 c040938 
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POWER ' " 
ON 


(b) e2cs-es9a7 
Fig.t7 — Astable oscillator with contro"ed mark-ta-space ratio. 


In the circuit of Fig.18 the oscillator is gated by signal C 
on the second input of the CD4093B. The oscillator output 
is high while the gating signal is low; the oscillator then osc- 
illates with the period 7, given above, while the gating signal 
is high. 


Interfacing 

The noise immunity of the COS/MOS NAND Schmitt 
trigger is very high, typically greater than 50 percent of Vpp 
in each state, as shown in Fig.4. Therefore, it is ideally 
suited to circuitry that requires a very high noise immunity. 
Because of the hysteresis built into the Schmitt trigger, it can 
tolerate noise on a slow input edge without false switching at 
the output, as shown in Fig.19. This noise performance per- 
mits the construction of an ideal interface from an industrial 
environment to a COS/MOS logic system, as shown in Fig.20, 
The CD4093B will function correctly under the most severe 
conditions of input overvoltage and in spite of noise spikes of 
up to hundreds of volts,. The input is kept between Vgg and 
Vpp by Dy and D2 with Rj, typically 220 kilohms, as a 
current-limiting resistor, Resistor R2 ties the logic input to 


© v4 CD40938 
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Fig. 18 — Gated astable oscillator. 
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Fig.19 — Rejection of noise on slow input edge, 
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TYPICAL VALUE 
* SAME AS OTHER INPUT. 
92CS$-25939RI 
Fig.20 ~ Industrial-environment to. COS/MOS interface. 
Vsg should the interface input be open-circuited by the re- 
moval of a PC board from a system, for example. Capacitor 


C1, with Rj, acts asa filter and enhances the noise-rejection 
properties of the interface. 
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Astable and Monostable Oscillators 
Using RCA COS/MOS 

Digital Integrated Circuits 

by 


D. V. DiMassimo & 
A. R. Maslowski 


CIRCUIT TECHNIQUES 


COS/MOS integrated logic circuits are 
being widely used in digital and other appli- 
cations because of their high noise immunity, 
extremely low power dissipation, and toler- 
ance to wide variations in power-supply 
voltages and operating temperatures. In ad- 
dition, because their high input impedance 
makes it possible to obtain large time 
constants without the use of large capacitors, 
COS/MOS gates can provide cost and size 
reductions in multivibrator circuits.! 

This Note describes several techniques 
that may be used to compensate for the 
normal threshold variation of MOS devices 
in the design of stable multivibrator circuits 
operating at frequencies up to 1 MHz. The 
circuits shown can be formed by the use of 
COS/MOS inverters or COS/MOS NAND or : 

NOR gates connected in an inverter con- 9205-27376 etal Ovss 
figuration. NAND and NOR gates perform Fig. 1 — Astable multivibretor circuits that Fig. 3 ~ Diode protection circuit. 
the inverter function when all of the gate wapiey Ne, COSMOS Inverters, 

inputs are tied together. This Note also 

describes various applications for COS/MOS 

multivibrator circuits: voltage-controlled os- 2.40-— 
cillators, voltage-controlled pulse-width cir- 
cuits, phase-locked voltage-controlled oscil- 
lators, frequency multipliers, and modulator/ 
demodulators (envelope detectors). 


Astable Circuits 

The circuits shown in Fig. 1 are those of 
astable multivibrators that use two COS/MOS 
inverters (which may be taken from standard 
RCA COS/MOS parts such as the CD4069B, 
CD4007A, CD4001, or CD4011). Fig. 2 2 
shows the related waveforms. This simple cir- eae  ailarrh Gocsiae inate re fis 5 | 
ee Gein te Hoe Fig. 4 — Discrete RC-oscillator time period as a function of transfer voltage. 
Resistor R,, connected in series with the input 
of the first inverter, limits the current 
through the input protection circuit, Fig. 3. 
In operation, the input to the first inverter 
is clamped at one diode drop above Vpp or 
one diode drop below Vgg. Depending on 
the output levels of the two inverters, at any 
instant C will be either|charging or dis- 
charging through R. When the voltage at 





fet) —efotg-<| 
Tae e 
92Cs- 27577 
Fig. 2 — RC-oscillator operating waveforms. 
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point 2 in the circuit passes through the oor? * * So? Sy y ‘s hes 
transfer voltage level of the first inverter, CONSTANTS 

ae : : srew 22003 
this inverter switches and causes the second Fig. 5 — Discrete RC-oscillator time period as a function of constant, k. 


inverter to switch. The voltage at this point 
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is allowed to switch well above Vpp and 
below Vgg because of Ry. The large swing 
reduces the effects of variations in transition 
voltage (V-pp). The variable characteristics of 
the input protection circuit and their effect 
on stability are greatly reduced because of 
R,. 
“The equation for the period, T, of the cir- 
cuits in Fig. 1 is given by Eq. 1:2 


(VR) (Y, Vrr) 
Re ae eee TRE 





(pp + Vp)? 
K K [Vpp + V| 
= KJ pei Moot Vol 
(Kel) K(Vpp + Vtal + {Yr Vp 
(K °) K [Vpp + Vp} 
— —- RI 


be het DE 
(K+) K12Vpp  Vrri + \Yop~ Yrr = Yb! (1) 


where K = Rs. 
R 


With the equation in this form it is easy 
to see that as K approaches infinity the 
variation in period as a function of Vpp is 
reduced to zero. This result is shown in 
Fig. 4, where period as a function of trans- 
fer voltage is plotted for various values of 
Vpp and K, and in Fig. 5, which shows 


period as a function of K for various values 
of Vpp. Variation in period with transfer 
voltage is also reduced as K increases. This 
variation decreases from 10 percent for 
K = 0 to approximately 5 percent as K 
becomes large. 

There are some limitations on the value of 
Rg. It must’ not be made too large since a 
time constant and phase shift is produced by 
Rg and stray wiring and breadboard ca- 
pacitance. This shift creates a switching de- 
lay in the circuit that changes the time 
period and, in addition, may cause spurious 
oscillations and glitches in the multivibrator 
circuit. A reasonable value for K would be 
anywhere from 2 to 10, with maximum and 
minimum values for Rg determined by the 
above considerations. 

Table I shows data measured when typical 
units were employed in the circuits of 


Fig. 1. Fig. 6 shows a typical transfer 
characteristic as a function of temperature. 
The curve shows that there is very little 
change in characteristic from low to high 





TABLE | - FREQUENCY VARIATIONS OF ASTABLE MULTI- 
VIBRATORS UNDER NORMAL CONDITIONS 





Rg = 0.82 M, R = 0.43 M, C = 910 pF, T = 25°C 


temperature. Because the oscillators can 
also tolerate changes in transfer characteristic 
without frequency instability, they require 
no thermal compensation. The frequency at 
—§5°C is extremely close to that at +125°C. 
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Fig. 6 — Transfer characteristic as a function 
of temperature. 


Table II shows data measured on typical 
units at temperature extremes. The astable 
multivibrators shown in Fig. 1 can be gated 
on and off by use of a NOR or NAND gate 
as the first inverter, as shown in Fig. 7. 


TABLE tt — FREQUENCY VARIATIONS OF ASTABLE MULTIVIBRATORS AT TEMPERATURE EXTREMES 





R, = 0.82 M, R= 0.43 M, C= 910 pF. 
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GATING OF OSCILLATOR 


92C$-27379 


Fig. 7 — Astable multivibrator in which a NOR 
or NAND gate is used as the first inverter 
to permit gating of the multivibrator. 


Compensation For 50-Percent Duty Cycles 
The variation in transfer voltage described 
above affects the output-pulse duty cycle, 
as shown in Fig. 8. A true square-wave pulse 
is obtained only when the transfer voltage 
occurs at the 50-percent point. However, the 
duty cycle can be controlled if part of the 
resistance in the RC time constant is shunted 


=. pee | iare 
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Fig. 8 — Waveforms showing effects of transfer 
voltage on multivibrator frequency. 

out with a diode, as shown in Fig. 9. Be- 
cause adjustment of this diode shunt to 
obtain a specific pulse duty factor causes 
the frequency of the circuit to vary, a 
frequency control, R3, is added to compen- 
sate for this variation. It may also be 
necessary to reverse the diode to obtain the 
desired duty factor. The frequency of any of 
the circuits shown can be made variable by 
replacing the timing resistor witha potentio- 
meter. 


Jitter In Astable Circuits 
When using the astable circuits described 


above with other equipment and/or circuits 
that require off-the-board connections, some 


O 
Yoo 1/2 cp4069 
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Fig. 9 — Astable multivibrator in which a duty- 
cycle control is added. 








jitter in the output waveform may be 
encountered. This jitter is introduced into 
the circuit by noise picked up by the 
connecting cables and board capacitance 
and stray wiring. This problem can be 
corrected with the addition to the circuit 
of an inverter, as shown in Fig. 10, that 
isolates the frequency determining circuit 
nodes from pickup by the output node. The 


ouTPuT 





172 CO40698 
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Fig. 10 — Astable multivibrator circuit with 
buffered output. 


output to the astable circuit is then taken 
from the output of the added inverter. 


Monostable Circuits 

Fig. 11(a) shows a basic one-shot circuit 
that uses a single RC time constant. This 
circuit operates well provided it is adjusted 
to the COS/MOS unit used. If no adjustment 
is made, the period T can vary from unit to 
unit by —40 percent to +60 percent if the 
transfer voltage varies by +33 percent, as 
shown by the waveforms in Fig. 11(b). 

The use of some resistance r, Fig. 11, is 
generally advisable to limit the current if 
Vpp is greater than 5 volts. 





—{ variation in 
TIME PERIOD 
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Fig. 11 — Basic one-shot multivibrator circuit: 
(a) circuit diagram, (b) waveforms. 


Compensated Monostable Circuit 

Fig. 12 shows a compensated monostable 
multivibrator type of circuit that can be 
triggered with a negative-going pulse (Vpp 
to ground). In the quiescent state, the out- 
put of inverter B is high. When a negative- 
going pulse or spike is introduced into the 
circuit, as shown in the waveforms of 
Fig. 13, capacitor Cy becomes negatively 
charged to ground and the output of inverter 
A becomes high. Capacitor Cz then charges 
to the value of Vpp through diode D, and 





143. CO40698 


92¢S- 27304 


Fig. 12 — Compensated monostable multivibrator 
circuit. 


inverter A, and the output of inverter B be- 
comes low. As| capacitor Cj|discharges nega- 
tively, it charges through resistor Ry to the 
HIGH 

HIGH 

“TRANSFER VOLTAGE POINT- INVERTER A 
Low 
HIGH -- -- 


Low 
HIGH -~—- 


Low 
HIGH 


9208-27305 


Fig. 13 — Voltage waveforms for monostable 
multivibrator circuit when a 
negative-going trigger pulse is 
applied. 


value of Vpp (waveform 2). The output of 
inverter A remains high until the voltage 
generated by the charging of C, is equal to 
the transfer voltage of inverter A (ie., until 
the waveform generated by the charging of 
Cy passes through the transfer-voltage curve 
of inverter A); at that instant the output of 
inverter A becomes low. Diode D, tempo- 
rarily prevents the discharge of capacitor C2, 
which was charged when inverter A was 
high (waveform 3). Capacitor Cj then com- 
mences to discharge to ground through 
resistor R2 (waveform 4). The output of 
inverter B remains low until the voltage 
generated by the discharge of C2 becomes 
equal to the voltage at the voltage transfer 
point of inverter B (ie., until the waveform 
generated by the discharge of Cy passes 
through the transfer-voltage point of inverter 
B); at that point the output returns to its 
high state (waveform 5). 

The advantage of using two inverters 
fabricated on the same chip is that they 
have similar transfer voltages. When two 
equal RC time constants are used (RjC, = 
R2C>), the effects of variations in transfer 
voltage from device to device are effectively 
cancelled out, as shown in Fig. 14. Eq. (1) 
can be used to show that the maximum 
variation in the time period T is less than 
9 percent. The total time for one period, 
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T,, is approximately 1.4 times R,C). 

Unlike the astable circuit, which shows 
little variation in frequency over the temper- 
ature range from —55°C to +125°C, the 
monostable multivibrator shows some change 
in time period; the variation is less than 10 
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Fig. 14 — Waveforms showing the cancelling effects 
of transfer-voitage variations of the two 
COS/MOS inverters when two equal time 
constants are used, 


percent. Table III shows data measured on 
five units over the temperature range cited 
above. At 25°C, the variation in the time 
period T from unit to unit is very small, 
usually less than 5 percent at a Vpp of 10 
volts. 

The output from inverter B can be held 
in the low or zero state as long as the 
R»C> time constant is reinforced by another 
triggering pulse before the discharge wave- 
form it generates passes through the transfer- 
voltage point of inverter B. 

Diode Dz in Fig. 12 is internal to the 
COS/MOS circuit. As discussed for the 
astable oscillator, it is part of the input 
protection circuit shown in Fig. 2, and 
clamps the input at Vpp. 

Figs. 15 and 16 show two variations of 
the monostable circuit together with their 
associated waveforms. The circuit of Fig. 15 
triggers on the negative-going excursions of 
the input pulse in the same manner as the 
circuit of Fig. 12. The output pulse is 
positive-going and is taken from the first 
inverter. This circuit does not need an 
external diode. The circuit of Fig. 16 triggers 
on the positive-going excursion of the input 
pulse, and then locks back on itself until the 
RC time constants complete their discharge. 


The circuits of Figs. 15 and 16 cannot be 
retriggered until they return to their quiescent 


States. 

Low Power Monostable Circuit — The 
monostable circuits discussed thus far dissi- 
pate some power because one or both of the 
inverters are on during the charging or dis- 
charging of the capacitor. This power dissi- 
pation will be extremely low provided the 
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TABLE II] — FREQUENCY VARIATION OF MONOSTABLE MULTIVIBRATORS OPERATING AT THREE TEMPERATURES “one-shot” pulse width is shori compared to 
the overall cycle time. Fig. 17 shows the 
current waveform associated with the circuit 
of Fig. 12. This waveform is very wide at 
the base, and some current flows for approxi- 
mately twice the time period. 


9208-27389 
Fig. 17 — Current waveforms for the diode-compen- 
sated multivibrator shown in Fig. 12. 


Fig. 18(a) shows a circuit using the 
CD4007A. This device dissipates much less 





; Ri 67% OF Von 
Mp * 33% OF Von 
OUTPUT 


Vite" 67% OF Vop 
7 J aa OF Vo 
©®7~ Li oy 


(b) 7" "p" THRESHOLD 
' VOLTAGE 





(a) 92CS- 27387 ' 1 


Fig. 1§ — Monostable multivibrator that is triggered by a negative-going input pulse: © 7: re, eee 
(a) circuit diagram, {b) waveforms. 






CURRENT 


(o) 92C8- 27390 


Fig. 18 — Low-power monostable multivibrator: 
(a) circuit diagram, (b) waveform. 


power than the other circuits shown but is 
not as stable; circuit operation is described by 





7 é v2coacoia ae ° 
2 2 es the waveforms in Fig. 18(b). In the quiescent 
state, the p-channel transistor of the first 

= sce =e7 000 inverter is biased off while the n-channel 


transistor (which derives its control from the 
output of the second inverter) is biased on. 
Therefore, the output at C is low, and that 
at D is high. When!'a negative-going pulse:is 
introduced into the circuit through capacitor 
C,, the p-channel device is turned on. 


Fig. 16 — Monostable multivibrator that is triggered by a positive-going input pulse: 
(a) circuit diagram, (b) waveforms. 
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Capacitor, C7 then charges to Vpp, the 
output at D becomes low, and the n-channel 
device of the first inverter is turned off. 
Capacitor Cy immediately begins to charge 
to Vpp through R; (waveform B). The 
p-channel transistor remains on, keeping 
capacitor C> charged to Vpp until the volt- 
age generated reaches the threshold voltage 
level and turns the transistor off. The 
n-channel transistor of the first inverter is 
still off because the output of the second 
inverter (waveform D) is still low. When 
the p-channel device of the first inverter 
turns off, capacitor Cz begins to discharge 
through resistor R> (waveform C) to ground. 
As C> discharges, the voltage passes through 
the threshold-voltage point of the second 
p-channel transistor, and that transistor be- 
gins to turn on. The voltage then begins to 
tise (waveform D), and the n-channel device 
of the first inverter turns on and provides a 
second discharge path for capacitor Cy. Asa 
result, the output waveform changes state 
from low to high very rapidly to complete 
the cycle. 

The major advantage of the circuit of 
Fig. 18 is its low power dissipation. Because 
the circuit depends on the p-channel tran- 
sistor threshold, the time period T varies 
from unit to unit and with temperature 
variations. Some compensation can be pro- 
vided if the RyC> time constant is made 
approximately three times larger than the 
RC; time constant, as shown in Table IV. 


TABLE IV — FREQUENCY VARIATIONS OF 
MONOSTABLE MULTIVIBRATORS WITH 
TEMPERATURE WHEN R2C> TIME CON- 
STANT IS LARGE COMPARED TO RC, 


CD400' 


7A 
UNIT PERIOD WITH Vpp = 10 V (ms) 


NO. _} -85'c | 2s'c [125°C | 


1 
2 
3 
4 


Ry = 100K, Ry = 1 M, r= 36K, Cy = Cy = 910 pF 












Current in the circuit of Fig. 18 can be 
minimized by removing capacitor C7 so 
that only stray capacitance is present at the 
input of the second inverter. A comparison 
of time-period variations under this condition 
is shown in Table V. Again, the variations 
from unit to unit are caused by differences 
in p-channel transistor threshold. 


TABLE V — FREQUENCY VARIATIONS OF 
MONOSTABLE MULTIVIBRATORS WITH TEM. 
PERATURE WHEN C, CONSISTS OF STRAY 
CAPACITANCE ONLY 


cD4007A 
UNIT PERIOD WITH Vpp = 10 V {ms} 


no. [-s8' [as'c [_aere 





Ry= 100K, R= IM, 1 = 36K, Cy = 910 pF, C> = Stray 


APPLICATIONS 


Voltage-Controlled Oscillators 

Fig. 19 shows a circuit similar to the cir- 
cuit in Fig. 1. C is variable (by adjustment 
of C,) and R is variable (by adjustment of 
Va)- The value of R varies from approxi- 
mately 1 kilohm to 10 kilohms. These 
limits are determined by the parallel combi- 


€D040074 





NOTE: 
WVERTERS ANO n~ CHANNEL, DEVICE ARE AVAILABLE IN 
A MINGLE COS /MOS PACKAGE : 

t= c04007 
TYPICAL VALUES: 

R, 1040 

Rg * 100 no 


Cy * 0.001 - 0.004 uF 
Os Yas Yop 


MUSE PROPER SUFFIX TO DENOTE PACKAGE 
REQUIRED — SEE APPENDIX . 


92cs- 22878Ri 
Fig. 19 — Voltage controlled oscillator. 


nation of R} (10 kilohms) and the resistance 
of the n-channel device, which varies from 
1 kilohm (Ron) to approximately 109 ohms 
(RoFP).- 

When Va = Vgg, the n-channel device is 
off and R = Ropp Il RI, which is approxi- 
mately equal to R1 or 10 kilohms because 
RopF is very much greater than R1. When 
Va = Vpp; the n-channel device is fully 
on and R = Ron Il RI or approximately 
Ron, which is equal to 1 kilohm because 
Ron is very much less than Ry. 

The center frequency of the oscillator is 
varied by adjustment of C,. 


Voltage-Controlled Pulse-Width Circuits 

Fig. 20(a) shows a further modification 
of the circuit of Fig. 1(a); in the modified 
circuit the pulse width may be modulated 
by varying Va, but only if R, is sufficiently 
high. As an example: if C = 0.0022 micro- 
farads, R, will be approximately 35 kilohms. 
Lower values of Ry have an adverse effect on 
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frequency. {If R, is less than 10 kilohms, 
there is a value of Va that will cause the 
oscillator to cut off. Table VI lists values of 


TABLE VI — PULSE WIDTH AS A FUNCTION OF Va 
AND Von 





C= 0.0015 pF, Period = 55 ps 
pulse width (B in Fig. 20(b)) for various 


values of Va and Vpp. Fig. 20(b) shows the 
waveform for the circuit described. 


OUTPUT 





t= CD4007A 

R = Wko 

Rg *100 ka 

Ry = 3540 

C = 0.0005 - 0.0025 uF 


f-—— Perio ——+| 
(bd 
Fig. 20(a) — Voltage controlled pulse-width 
circuit, (b) output waveform. 


Phase-Locked Voltage-Controlled Oscillator 
The voltage-controlled oscillator, Vco: 
can be operated as a phase-locked oscillator 
by the application of a frequency-controlled 
voltage to the gate of the n-channel device. 
Fig. 21 shows the block diagram of an FM 
discriminator using the phase-locked VCO. 
Block A is the same circuit of Fig. 19. The 
output of the phase comparator is fed to the 
gate of the n-channel device (Va). If the 
two inputs tothe phase comparator are 
different, the change of Va causes the 
output frequency of the VCO to change,. 


92CS-22e82m1 
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Fig. 21 — VCO used in phase-locked loop. 
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Fig. 22. This change is divided by 2N and 
fed back to the phase comparator. 
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Fig. 22 — {a} VCO, {(b) control voltage as a function 
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Frequency Multipliers 

Fig. 23(a) shows a frequency doubler. A 
2N multiplier can be realized by cascading 
this circuit with N-1 other identical circuits. 
The leading edge of the input signal, differ- 
entiated by RI and C1 and applied to input 


1-3/4 CD40IIA 


Ry Roe 1OKN 
Cc) * C2 = 0.001 mF 


(a) 


POINT IN 
CIRCUIT WAVEFORM 


(b) 
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Fig. 23 — (a} Frequency-doubler schematic, 
(b) waveforms, 


Vss (b) 





{b) 
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Fig. 24 — {a} Modulator circuit, {b) waveforms. 





Fig. 25 — (a) Demodulator circuit, (b) waveforms. 


No. 1 and the NAND gate, produces a pulse 
at the output. The trailing edge of the input 
pulse, after having been inverted, is differ- 
entiated and applied to input No. 2 of the 
NAND gate; it produces the second output 
pulse from the NAND gate. The waveforms 
for five points in the circuit are shown in 
Fig. 23(b). 


PACKAGE COUNT 
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Modulation/Demodulation (Envelope 
Detection) 

Pulse modulation may be accomplished 
by use of the circuit shown in Fig. 24(a). 
This circuit is another variation of Fig. 1. 

Modulation or envelope detection of 
pulse-modulation waves is performed by the 
circuit shown in Fig. 25(a). The carrier burst 
is inverted (by inverter A); its first negative 
transition at point 2 turns on the diode (D) 
to provide a charging path for C through the 
n-channel resistance to ground. On the 
positive transition of the signal (at point 2), 
the diode is cut off and C discharges through 
R. The discharge time constant (RC) is 
much greater than the time of the burst- 
signal period. Point 3, therefore, never 
reaches the switch point of inverter B until 
the burst has ended..The waveforms for 4 


points in the circuit are shown in Fig. 25(b). 


References ; 

1. Further information on astable and mono- 
stable circuits using MSI devices may be 
found in RCA Application Note ICAN- 
6230, “Using the CD4047 in COS/MOS 
Timing Applications’, and in the RCA Data 
Sheet for the CD4098 Dual Monostable 
Multivibrator. 
(Note: COS/MOS Hex Buffers CD4009A 


and Quad Buffer CD4041A are not recom- 
mended for use as multivibrators because 


of very high power consumption in the 
linear mode for long time constants. In 
addition, the hex buffers have a large 
imbalance between [source and eink 
capability, which makes oscillator start-up 
more unpredictable.) 


2. For the derivation of this equation, see 
RCA Application Note 1CAN-6230, “Using 
the CD4047A in COS/MOS Timing Appli- 
cations.” 
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Guide to Better Handling and Operation 
of CMOS Integrated Circuits 


by J. Flood and H. L. Pujol 


This Note recommends specific handling 
and operating practices that minimize the 
probability of damage to CMOS integrated 
circuits in the manufacturing operation and 
the field environment. 

A description of various gate-oxide net- 
works that protect against electrostatic dis- 
charge in both A-series and B-series RCA 
COS/MOS product is provided. A practical 
explanation of the SCR latch-up mechanism 
and its associated failure mode is given. In 
addition, operating procedures that help pre- 
vent device malfunction are described. 


HANDLING CONSIDERATIONS 


All CMOS devices are susceptible to dam- 
age by the discharge of electrostatic energy 
between any two pins. The gate input is 
equivalent to a small, low-leakage capacitor 
(5 picofarads typical) in parallel with a very 
high resistance (10!2 ohms typical). This 
extremely high input impedance lends itself 
teadily to the buildup of electrostatic charges. 
Therefore, because the gate-oxide breakdown 
of a CMOS device is typically 80 volts, dam- 
age by high levels of electrostatic discharge 
can occur. 

To protect the gate oxide against high 
levels of electrostatic discharge, protective 
networks are implemented on all RCA CMOS 
(COS/MOS) devices, as described below. 


Standard Protection Networks 


Fig. 1 shows the standard protection net- 
work incorporated on all A-series devices 


Ovoo 





: COS/MOS a Oourt 


DIODE BREAKDOWN OVss 


Dim 2sv 
02"50V 


* THESE OIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 
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Fig.1 — Standard protection network. 


and some B-series devices. Input-diode D2 
is a distributed resistor-diode network that 
appears as two diodes to Vpp. 


Improved Protection Network 


Fig. 2 shows the improved protection 
network incorporated on most new. 
B-series devices as well as on all A-series, 
B-converted types. 
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Fig.2 — Improved protection network. 


Other Protective Networks 


Fig. 3 shows the modified protective 
network for a CD4049/4050 buffer. The 
input diode to Vpp is not incorporated so 
that the level-shifting function can occur. 
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Fig.3 — Modified protection network. 
Fig. 4 shows a transmission gate with the 


intrinsic diodes that protect against elec- 
trostatic discharge. 
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* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 
Fig.4 — Transmission gate with intrinsic diodes that 
Protect against electrostatic discharge. 


The protection networks described in this 
Note were characterized by using the equiv- 
alent body discharge network of Fig. 5, 
There are 12 possible combinations by which 
a device can be damaged. A discussion of 
the combinations is beyond the scope of 
this Note; however, Table I shows worst- 
case protection levels for the above networks, 
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CH= HUMAN BODY CAPACITANCE TO GROUND 
Rg* BODY SOURCE RESISTANCE 
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Fig.5 — Equivalent-body discharge network, 


Additional protection can be obtained by 
adding external series resistors at device 
inputs. The value of this resistance should 
be in the range of 10 kilohms for gate in- 
puts and | kilohm for transmission gate 
inputs, where applicable. In addition, 
zener diodes at the output pins can clamp 
the voltage at a safe level. The zener value 
should not exceed the absolute maximum 
rating of the part. 

On-chip protection resistors are not 
used on transmission gates so as to main- 
tain low on resistance. Some recent 
designs, however, do have protection 
diodes to Vpp and Vgsg close to the bond 
pads. The 800-volts worst case capability is 
provided by the intrinsic diodes shown in 
Fig. 4. 


TABLE | — Worst-Case Capability of 
Protective Networks 


Worst-Case 
Protective Network Capability 
Standard 
(inc. CD4049, CD4050) TkV to2kV 
Improved 4AkV 
Transmission Gate < 800 V 


General Handling Rules 


Table I indicates the typical, worst-case 
voltage discharges from the network of 
Fig. 5 that the above networks can with- 
stand, Because every manufacturing en- 
vironment is different, levels above those 
shown in Table I should be anticipated 
and protected against by following the 
handling recommendations of Table II. 

Dry weather (relative humidity less 
than 30 percent) tends to increase greatly 
the accumulation of static charges on any 
surface. Conversely, higher humidity 
levels (40 to 50 percent) tend to reduce the 
magnitude of the static voltage generated. 
In a low-humidity environment, the. 
handling precautions listed above take on 
added importance and should be adhered 
to without exception. 


HANDLING OF UNMOUNTED CHIPS 


In handling unmounted chips, dif- 
ferences in potential should be avoided. A 
conductive carrier or a carrier having a 
conductive overlay should be used. 
Another important consideration is the 
sequence in which bonds are made; the 
Vop evice supply) connection should 
always be made before the Vgg (ground) 
bond. 


HANDLING OF SUBASSEMBLY BOARDS 


After COS/MOS units have been mounted 
on circuit boards, proper handling precau- 
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TABLE I — General Handling Recommendations 


Should be 
conductive 
Handling equipment X 
Metal Parts of rixtures 
and Tools 
Handling Trays x 
Soldering Irons 
Table Tops x 
Transport Carts Xx 
Manufacturing Operating 
Personnel 


General Handling of Devices 


tions should still be observed. Until these 
subassemblies are inserted into a complete 
system in which the proper voltages are 
applied, the board is no more than an ex- 
tension of the leads of the device mounted 
on the board. 

It is good practice to put conductive 
clips or conductive tape on the circuit-board 
terminals. This precaution prevents static 
charges from being transmitted through the 
board wiring to the devices mounted on it. 


AUTOMATIC HANDLING EQUIPMENT 


When automatic handling equipment is 
used, it may not always be possible to 
eliminate static electricity through ground- 
ing techniques alone. Automatic feed mech- 
anisms must be insulated from the devices 
under test at the point where the devices are 
connected to the test set. The anvil transport 
portion of the automatic handling mechanism 
can generate very high levels of static elec- 
tricity as a result of the continuous flow of 
devices over and then separating from the 
anvil. Total control of these static voltages 
is critical because of the high throughputs 
associated with automatic handling. 

Fortunately, the resolution of this prob- 
lem is simple, practical, and inexpensive. 
tonized-air blowers, which supply large vol- 
umes of ionized air to objects that are to be 
charge neutralized, are commercially avail- 
able from many supply sources, Field ex- 
perience with ionized-air techniques reveals 
this method to be extremely effective in 
eliminating static electricity when grounding 
techniques cannot be used. 


Failure Mechanisms 


Electrical damage resulting from handling 
is usually caused by either of the two follow- 
ing failure mechanisms: 

1. Low-level static electricity (voltage of 

1 kV to 4 kV). Input diode protec- 
tion may be overstressed and input 
leakage currents as high as 1 milli- 
ampere across diodes may cause a 
malfunction. 


2. High-level static electricity (voltages 
greater than 4 kV). Gate oxides may 
become short-circuited. Inputs to 
Vpp or Vss terminals will be low- 
impedance inputs. 


Should be grounded 
to common point 


x 


x 
x 


Utilize grounded, metal or conductive 
plastic wrist straps with 1-megohm 
series resistor 

Utilize grounded, metal or conductive 
plastic wrist straps with 1-megohm 
series resistor 


The presence of these types of device 
malfunction can be detected by curve-tracer 
checks of the input protection diodes des- 
cribed above. Diode degradation resulting 
from static electricity is observable in the 
low-reverse-breakdown characteristics shown 
on the curve tracer. On the other hand, 
damage resulting from high levels of static 
electricity are observed as a resistive short 
to Vpp or Vss. 


Typical Manufacturing Area Procedure 

The example below illustrates all of the 
above recommendations for handling CMOS 
devices in a typical manufacturing environ- 
ment. Although existing protective networks 
offer a high level of protection against elec- 
trostatic discharge, this example emphasizes 
specific precautions that can help eliminate 
damage. 


Receiving Area 


Devices should not be removed from their 
conductive or antistatic carriers. If devices 
are not received in conductive or antistatic 
packing material, they should be returned to 
the supplier. 


Incoming Inspection 


Physical — Parts should be counted without 
removing them from their containers, 


Storage — Devices should remain in carriers. 
Even a partial removal of IC’s from a carrier 
should only be done by a grounded operator. 
Devices removed should be placed in a con- 
ductive tray, 

Electrical — All testing should be performed 
by a grounded operator. Devices should 
be reinserted in conductive carriers after 
completion of a test. 


PC Board Assembly 


Ut isdesirable that PC boards have shorting 
bars installed prior to assembly (soldering). 
Where possible, CMOS IC’s should be the 
last component installed on the PC board. 

Boards should be transported to the wave- 
solder area in conductive carriers. Flux 
removal should be done with an acceptable 
solvent, Examples of specific, acceptable 
alcohols are isopropanol, methanol and spe- 
cial denatured alcohols such as SDAI,SDA30, 
SDA34 and SDA44. The removal of flux 


from non-hermetic and molded-plastic de- 
vices by means of soap and water in a dish- 
washer is NOT recommended as this pro- 
cedure will adversely affect the long-term 
life of the device. 


OPERATING CONSIDERATIONS 


Proper operating procedures are as im- 
portant as proper handling techniques. A 
review of RCA COS/MOS A-series and B- 
series operating characteristics and ratings 
is given in Table III. 


Operating Voltage 

When devices are operated near the maxi- 
mum supply-voltage range, power-supply 
turn-on or turn-off transients, power-supply 
tipple or regulation, and ground noise should 
be suppressed; any of the above conditions 
must not cause (Vpp — Vss) to exceed the 
absolute maximum rating. A good practice 
is to use a zener protection diode in parallel 
with the power bus, The zener value should 
be above the expected maximum regulation 


excursion, but should not exceed the maxi- 
mum supply voltage. Fig. 6 illustrates a 
practical zener shunt circuit. A current- 
limiting resistor is included if the supply- 
current compliance is higher than the zener 
power-dissipation rating for a given zener 
voltage. The shunt capacitor value is chosen 
to supply required peak-current switching 
transients, 
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Fig.6 ~ Zener-diode shunt circuit. 
Unused tnputs 


All unused input leads must be con- 
nected to either Vgg or Vpp, whichever 
is appropriate for the logic circuit involved. 
A floating input on a high-current type 
(such as the CD4009A,CD4010A, CD4041A, 
CD4049A, CD4050A) can result not only 
in faulty logic operation, but can cause the 
maximum power dissipation of 500 milli- 
watts to be exceeded; the result may be 
damage to the device. Another considera- 
tion with high-current devices is the need 
for a pull-up resistor bétween the inputs 
and Vss or Vpp should there be any possi- 
bility that the device terminals may become 
temporarily open or unconnected (e.g., if 
the printed circuit board driving the high- 
current types is removed from the chassis). 
A useful range of values for such resistors is 
from 0.2 to 1 megohm. 


Input Signals 

Signals should not be applied to the in- 
puts while the device power supply is off 
unless the input current is limited to 4 
steady-state value of typically less than 10 
milliamperes. Input-signal interfaces that are 
the allowable 0.5 volt above Vpp or below 
Vgs should be current-limited to typically 
10 milliamperes or less.. 

Whenever the possibility of exceeding 
10 milliamperes of input current exists, 
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TABLE 111 — Maximum Ratings of RCA COS/MOS Devices 
(Voltages referenced to Vgs) 


OC Supply Voltage Range 
Recommended Operating 


3 to 15 V (A Series); 3 to 20 V (B Series) 


Voltage 3 to 12 V (A Series); 3 to 18 V (B Series) 
DC Input Voltage Range —0.5 to Vpp + 0.5 V 
Dissipation per Package 500 mw 
Device Dissipation per 
Output Transistor 100 mW 
Storage Temperature 
Range —65 to +150°C 


Operating Temperature Range 
Ceramic Package Types 
Plastic Package Types 


Lead Temperature (during 
soldering) at a distance 
1/16 + 1/32 inch (1.59 + 
0.79 mm) from case for 


10 seconds max. + 265°C 


a resistor in series with the input is recom- 
mended, The value of this resistor can be as 
high as 10 kilohms without affecting static 
electrical characteristics. However, speed 
will be reduced because of the added RC 
delay. Particular attention should be given 
to long input-signal lines where high induc- 
tance can increase the likelihood of large- 
signal pickup in noisy environments. In 
these cases, series resistance with shunt 
capacitance at the IC input terminals is 
recommended. The shunt capacitance should 
be made as large as possible consistent with 
the system speed requirements, 


Fan-Out — COS/MOS to COS/MOS 


All RCA COS/MOS devices have a dc 
fan-out capability of greater than 50. The 
reduction in COS/MOS switching speed 
caused by added capacitive loading should, 
however, be consistent with high-speed sys- 
tem design. The input capacitance is typ- 
ically 5 picofarads for most types; the 
CD4009 and CD4049 buffers have a typical 
input capacitance of 15 picofarads, 


Maximum Clock Rise and Fall Time 


All COS/MOS clocked devices show maxi- 
mum clock rise- and fall-time ratings (nor- 
mally 5 to 15 microseconds), With longer 
rise or fall times, a device may not function 
properly. 


Parallel Clocking 


When two or more different CMOS de- 
vices use a common clock, the clock rise 
time must be kept at a value less than the 
sum of the propagation delay time, the 
output transition time, and the setup time. 
Most flip-flop and shift-register types are 
included in this rule and are so noted in the 
individual data sheets, 


Output Short Circuits 


Shorting of outputs to Vsg or Vpp can 
cause the device power dissipation to exceed 
the safe value of 500 milliwatts. In general, 


—55 to +125°C 
—40 to +85°C 


outputs of these types can all be safely 
shorted when the device is operated with 
(Vpp — Vss) < 5. volts, but the 500 milli- 
watt disstpation ratings may be exceeded 
at higher power-supply voltages. For cases 
in which a short-circuited load, such as the 
base of a p-n-p or n-p-n bipolar transistor, 
is directly driven, the device output charac- 
teristics given in the published data should 
be consulted to determine the requirements 
for safe operation below 500 milliwatts. 
Note that a single output transistor short 
must be limited to 100 milliwatts. 


SCR Latch-Up 

Operation above maximum ratings can 
force CMOS devices into a p-n-p-n SCR 
“latch-up” mechanism, which can be des- 
tructive. Any transients should be avoided 
and any large loads occurring during Oper- 
ation near the maximum rating should be 
avoided. 


“Latch-up” is considered to be the cre- 
ation of a low-resistance path between the 
power supply and ground on a circuit during 
an electrical pulse; the path remains a low- 
resistance path after the pulse. In CMOS 
circuits, several parasitic bipolar transistors 
exist, as shown in Fig. 7. The p-n-p transistor 
is a wide-base lateral structure whose 8, 
normally less than 0.2, is a function of device 
geometry. ‘he conditions tor SCR turn-on 
are as follows: 














VERTICAL npn 
B= 20 
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Fig.? — Parasitic bipolar transistors in CMOS circuits. 
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1. Bn-p-nx 8 p-n-p> 1 
(vert.) (lat.) 

2, The lateral p-n-p and vertical n-p-n 
base emitter junctions are forward 
biased. 

3. The bias circuit that applies power to 
Vpp and to the input must be capable 
of supplying current equal to the hoid- 
ing current of potential SCR’s. 


Fig. 8 shows the equivalent circuit for the 
SCR structure present in CMOS circuits. 


Von 
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Fig.8 — Equivalent circuit for the SCR structure 
present in CMOS circuits. 


Fig. 9 shows a curve of Ipp as a function 
of Vpp, which illustrates the effect of 
secondary breakdown and SCR latch-up. 
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Fig.9 — Curve illustrating effect of secondary 
breakdown and SCR fatch-up, 


Table IV shows typical values of break- 
down voltage and sustaining voltage and 
current for RCA COS/MOS A-series and 
and B-series devices. The table shows that 
B-series devices are much harder to latch 
than A-series types because of the higher 
breakdown voltage. 


TABLE !V — Breakdown Voltage and Sus- 
taining Voltage and Current Values 


Characteristic A-Series B-Series 

VBKDN min 17V 25 

Vsus 15V 22V 

'sus Type-Dependent 50-100 mA 
2—40 mA 
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Fundamentals of Testing COS/MOS integrated Circuits 


by J. Flood 


This Note describes the techniques em- 
ployed in testing RCA COS/MOS devices to 
assure their adherence to data-sheet specifi- 
cations, and provides information useful in 
data-sheet interpretation and in the inspection 
of incoming devices. RCA COS/MOS devices 
are available in two basic families: A-series 
(3- ‘to 15-volt product) and B-series (3- to 
20-volt product). 

RCA COS/MOS circuits are 100-percent 
tested by circuit probe in the wafer stage and 
are 100-percent tested again after they have 
been packaged. DC tests of RCA devices are 
performed at 5, 10, 15, and 20 volts; func- 
tionality is checked at 3, 17, and 22 volts 
depending on family (ie., A or B series). 
Sample testing is used to assure adherence to 
quality requirements and ac specifications. 

Static tests, high-speed functional and dc 
parametric tests, are performed at wafer and 
package stages by means of a Teradyne J283 
test set. A Teradyne $157CM test set and a 
Macrodata MD154 test set are used in dynamic 
testing. Dynamic tests are performed with 15 
and 50 picofarad loads. Testing at 15 pico- 
farads is accomplished primarily by labora- 
tory “bench-test” techniques; automatic 
testing at 15 picofarads is difficult because 
of the high input capacitance (approximately 
20 to 35 picofarads) of most automatic ac 
test sets. 

Users should follow the sequence below 
when testing COS/MOS devices: 


1, Insert the device into the test socket. 

2. Apply Vpp. 

3. Apply the input signal. 

4. Perform the test. 

5. On completion of test, remove the input 
signal. 

6. Turn off the power supply (Vpp). 

7, Remove the device from the test socket 


and insert it into a conductive carrier. 
COS/MOS devices under test must not be 
exposed to electrostatic discharge or for- 
ward biasing of the intrinsic protective 
diodes shown in Fig. 1. 
For detailed COS/MOS IC handling and 
operating considerations, refer to RCA Appli- 
cation Note, Guide to Better Handling and 
Operating of CMOS Integrated Circuits. | 


STATIC TESTING 
DC-Parameter Testing 


DC parameters are those specified for 
steady-state conditions; de testing of RCA 
devices is done at 5, 10, 15, and 20 volts 
depending on the family under test. Non- 
varying forcing conditions are applied to the 
inputs and/or outputs of a package while the 
device terminals are monitored for expected 
voltage or current levels. 

DC-parameter tests include: 

Functional tests 

Contact tests (diode measurement) 
Leakage tests: quiescent and input 
Breakdown voltage tests 

Output voltage levels 
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INTRINSIC DIODES. 











INTRINSIC DIODES 





(b} 
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Fig. 1 — (a) Standard protection network used on all 
CD4000A- and some CO4000B-series devices; 
(o) improved protection network used on all 


new RCA COS/MOS devices. Diode breakdown: 


D1 =25 V, 02=50V, R2 << AY7. 


Input voltage test (includes noise- 
immunity and noise-margin tests) 

Output drive-current measurements 

Diode tests 

Input-capacitance measurements 

Additional tests as required 
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Pass 


Contact 
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Insect 
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A typical CMOS IC test sequence is shown 
in Fig. 2. 


Functional Tests 


Functional tests assure that the device 
under test will perform its logical operations 
in accordance with its truth table. The 
operating voltages for functional tests are 
shown in Table I. Operation is checked 


Table I — Operating Voltage Limits 
For Functional Tests 


Recommended Min. Max. 
4000A Series 3-12 3 15 
4000B Series 3-18 3 20 


against truth table values by monitoring 
output-voltage levels for valid logic-high and 
logic-low levels. Output logic levels for func- 
tional tests are: 


Logic 0: <Vog +0.5 V 
Logic 1: # Vpp —9.5 V, Vpp is 
referenced to Vgg. 


Fig. 3 shows an example of a CD4001 
NOR gate functional test. Vpp is selected to 
cover the desired range of operation. This 
test is performed at a relatively low frequency 
(<<fcCL max.) and with no load other than 
stray and probe capacitances. 

When complex circuits such as the CD- 
4094B, Fig. 4, are tested, input signals must 
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Fig. 2 — A typical COS/MOS IC test sequence. 
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Fig. 3 — Example of CD4001 NOR -gate 
functional test. 


be applied to control the functions being 


examined. The CD4094B is an 8-stage shift. 


and store register whose eight stages are 
composed of D-type flip-flops connected in 
sequential logic form with a common clock. 


In addition to the flip-flop chain, the device 
has a latch option at each parallel output 
stage; the latch is controlled by the strobe 
input level. The parallel outputs are three- 
state and are controlled by the output enable 
level. Data stored in the register is available 
at the serial outputs on both the positive and 
negative clock transitions. 


Prior to performance of the static or dc 
parameter tests, which reflect the data-sheet 
specifications, all register functions must 
perform 100 percent. Compliance of a device 
with functional test requirements is deter- 
mined by monitoring all outputs for proper 
Operation. Functional testing is performed by 
applying the waveforms shown in the timing 
diagram of Fig. 5 to the device under test, in 
this case the CD4094B of Fig. 4. The tests 
are performed at a frequency well below the 
maximum operating frequency of the device. 
Input logic | levels are equal to Vpp; input 
logic 0 levels are equal to Vgg. Again, output 
logic 1 and O levels are equal to Vpp — 0.5 V 
min. and Vgg + 0.5 V max., respectively. 
Functional tests for B-seties devices are per- 
formed at a Vpp — Vssg of 22 volts, 2.8 volts 
and at intermediate levels depending on the 
device type. 


> 


The timing diagram, Fig. 5, shows O-level 
data being clocked into the internal Q output 
of the shift register while the strobe input is 
maintained low. After eight positive clock 
transitions, all the internal Q outputs are at 
logic 0. Prior to the next positive clock 
transition, the strobe goes to a | state; this 
condition shifts the zeroes from the internal 
Q outputs to the external Q outputs and the 
serial outputs. At this time all outputs are at 
logic 0. The following clock pulses, those 


starting at time slot 1, begin shifting 1’s and 
0’s to the parallel outputs. The alternate 1’s 
and 0’s are fed into the register up to the 
negative transition at time-slot 8. At this 
time the strobe input is sent low to check 
functionality of the latch. Note that a 0 data 
bit was transmitted to the QI output on the 
positive clock transition at time-slot 8; how- 
ever, a positive transition at time-slot 9 does 
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not shift the positive data input to the Ql 
output. The QI output remains latched low 
because of the low level at the strobe input. 
When the strobe goes high, the 1 data bit is 
transmitted to the Q1 output. At this point 
the latch functionality plus the functions of 
the strobe, clock, data inputs, Qg outputs, 
and Q outputs, Fig. 4, are fully tested, as 
shown by the timing diagram. 


8 3-State Outputs 
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Enable 
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Fig. 4 — Functional diagram of the CD40948. 
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Fig. 5 — Waveforms used in functional testing. 
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Leakage Current Tests 


Two types of static leakage currents are 
of concern in COS/MOS devices: Quiescent- 
leakage and input-leakage current. 


Quiescent Leakage Current—In bipolar logic 
devices, such as TTL devices, the current 
paths that exist from the power source to 
ground in the quiescent state cause milli- 
amperes of current to flow even when the 
device is not functioning. Quiescent leakage 
may be defined for a COS/MOS device as 
that current that flows from Vpp to Vss 
when, theoretically, all paths for current 
flow have been opened because the MOS 
device is off, Fig. 6. 


+ 


Voo 







High Impedance. 
(Typically 1012 ohms) 


SAAN SAA 


| p-Device Open 
at Vss 


Typical input-leakage-current values for 
COS/MOS devices are in the picoampere 
range, hence the high input impedance. 
Automatic test sets cannot measure pico- 
ampere values because of test-set resolution. 
Input currents are measured using 100 nano- 
amperes as the maximum allowable leakage 
for a single input. 


Examples of quiescent and input leakage 
test methods are shown in Figs. 8 and 9. In 
Fig. 8, the quiescent leakage current I (Ipp 
may be substituted for I.) is measured by 
eliminating all current paths from Vpp to 
Vss. This is done by turning off either the n 
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Fig. 6 — Schematic representations of p and n 
devices when turned off. 


There is no perfect switch. However, the 
COS/MOS technology offers quiescent de- 
vice currents that are orders of magnitude 
lower than in other forms of digital logic. 

Quiescent-leakage tests are performed for 
all device states according to their respective 
truth tables. Voltages for quiescent leakage 
tests are 5, 10, and 15 volts for the CD4000A 
series and 5, 10, 15, and 20 volts for the 
CD4000B series. Power dissipation for 
COS/MOS devices is in the microwatt range 
regardless of complexity level, and is relatively 
stable with variations in temperature. 


Input-Leakage Current—Input-leakage current 
is current that flows through reverse-biased 
diodes, whether intrinsic or diffused, and 
through the input-protection network con- 
nected to the gate. The diodes present in 
standard and improved protection networks 
are shown in Fig. 7. 


Vpp Vpp 
Vss Vss 
(a) (b} 
92CS—28367 
Fig. 7 — (a) Standard and (b) improved protection 
networks. 
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| p Device OFF 








or the p devices. The current may be meas- 
ured in the Vpp or the Vgg line, whichever 
is more convenient. Unused inputs must be 
connected either high or low, depending on 
the channel leakage to be measured. 

Input leakage current in Fig. 9 is measured 
by means of the gate input. Typical input 
impedance is 10! ohms; therefore, typical 
input leakage currents are in the picoampere 
range. Figs. 8 through 14 show various test 
circuits for the CD4001 A. 


The testing of MSI and LSI parts for 
quiescent leakage current is more complex 
than that for SSI devices. However, the test 
is performed in a manner similar to that of 
the functional test described previously. The 
CD4090, for example, is connected as shown 
in Fig. 15. The device is then clocked into 
its various states, and the current monitored 
at applicable time slots. 

Fig. 16 shows the intrinsic protection cir- 
cuitry at each external-gate input. With S1 
connected to either current source, the 
voltage drop from the gate input to ground 
will be one diode drop. A limit of 1.5 volts 
maximum is usually used to indicate a good 
diode. With SI connected to the +100 
microampere supply, the presence of the 
protective diode to the n substrate is tested. 
With SI connected to the -100 microampere 
supply, the presence of the protective diode 
to the p well is tested. In the event of func- 
tional test failures, the above test can be 
used as a “contact test’’ to check for proper 
insertion of the device under test. 


(Bev 
a 


n Device OFF 


Vss 
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Fig. 8 — Measurement of quiescent leakage current. 
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Fig. 9 — Measurement of input leakage. 
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Fig. 10 — Quiescent-device-current test circuit 
for the CD4001A, leakage-inputs 1 (I, }. 
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Fig. 13 -- Input-current test circuit for the 
CD4001A, input high (1j44). 


Fig. 14 — Input-current test circuit for the 
CD4001A, input tow (I), J. 







C7 cca 4 Vpp 
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92CS- 26836 
Fig. 16 — Intrinsic protection circuitry at each external 
input of a COS/MOS device. 
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Fig. 11 — Quiescent-device-current test circuit 
for the CD4001A, leakage-inputs 2 (1, ). 
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9208-28370 
Fig. 12 — Quiescent-device-current test circuit for the 
CD4001A, leakage - n-devices off (11). 
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Clock Input Where Logic 1 = Vop 
Logic 0 = Vgg = 
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Fig. 15 — Functional-test arrangement for the CD4090. 


Voltage Breakdown Tests 


Breakdown tests are performed on the n 
and p channels of COS/MOS devices in a 
manner similar to that of quiescent-leakage- 
current tests. The purpose of the breakdown 
test is to assure that channel breakdowns can 
only occur at voltages above the maximum 
pus aneey supply voltage; Table II gives 
imits by series. Voltage breakdown test 
circuits are shown in Fig. 17. With switch S} 
in position 1, the n devices are on and the pt- 
to-n-substrate diodes are stressed. With switch 
SI in position 2, the p devices are on and the 
nt-to-p-well diodes are stressed. 


Table 1] — Channel-Breakdown Limits 


Max. 
Test Voltage Current Limit 


CD4000A Series 
CD4000B Series 


I5V 
20V 


100 pA 
100 pA 
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p Channel 


a Channel 





0 Substrate 
Yoo 





Vss 


p Well 


(b) 
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Fig. 17 — Voltage-breakdown test circuit. 


Output-Voltage Levels 


The output-voltage low (VOL) and the 
output-voltage high levels (VQH) of a 
COS/MOS device approach Vpp and Vss 
within a few millivolts. Tests for Voz and 
VOH are. primarily Doneniyre static tests 
performed as shown in Fig. 18. With switch 
SI in position 1, one n device is turned on 
and the p devices are turned off. The voltage 





55555550 


oo ae 
-— n Channel On 
| Vss 


$1 in Position 1 


output will be at Vgs + 0.05 volt or Vgg — 0 
volt. With switch S1 in position 2, all p 
devices will be turned on and the n devices 
will be turned off. The voltage output will be 
at Vpp + 0 volt or Vpp — 0.05 volt. 

Few automatic test sets have the resolu- 
tion to measure an offset of 50 millivolts 
from the Vpp and Vsg supply with satis- 
factory accuracy at reasonable test speeds. 


Yop 
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Vop 


# = p Channels On 


$1 in Position 2 
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Fig. 18 — Test of output voltage levels 
(Von and Vo, ) of a CD4001A. 
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Note that in functional testing, the pass/fail 
criteria for high and low output states of the 
device is a maximum of 500 millivolts 
deviation from Vpp and Vss. 

Noise Immunity 

Noise immunity, VNL, WNH, is defined 
as the maximum low-level input (V}L) for 
which an output logic level does not change 
state, and the minimum high-level input 
(VIH) for which the output does not change 
state. 

The typical noise immunity of a COS/MOS 
device is 45-percent of Vpp; i-e., the input 
voltage low and high levels will typically 
change 45-percent of their values before the 
output logic level changes. VIL is guaranteed 
to be a maximum of 30 percent of Vpp; VIH 
is guaranteed to be a minimum of 70 per- 
cent of Vpp. 


Noise Margin 


Noise margin is the difference between a 
device output voltage and VIL; ie., the 
magnitude of noise-margin voltage is that 
noise voltage that may be added to any 
COS/MOS input/output mode. 

Noise margin and noise immunity are 
guaranteed to meet data-sheet specifications 
by the performance of input voltage tests, as 
shown in Fig. 19. The input voltage test is 
performed for each device as in functional 
testing. Viz, and VjH are applied according 
to the device’s truth table. The outputs are 
monitored for an expected VNMH_ and 
VNML State (voltage noise margin, voltage 
noise margin low). 


VnML = VoL - VIL 

VNMH = YOH ~ VIH 

VIL= YNL 

Vin = Ypp — YNH 
Output Drive Current 


Tests for output drive currents—IpN (or 
IOL), sink current, and [pp (or 1QH), source 
current—are conducted by means of the cir- 
cuits shown in Figs. 20 and 21. 


The purpose of the sink-current test, Fig. 
20, is to determine the amount of current 
that the output n device is capable of sinking 
(with the n channel on) at a given output- 
voltage level. Fig. 20(a) shows a CD4001 AD 
device whose Vpp is equal to 10 volts and 
whose voltage output is specified at 0.5 volt. 
The amount of current that the output de- 
vice can sink varies depending upon the 
voltage drop across the device (Vpg) for a 
fixed VGs. n-channel drain characteristics are 
shown in Fig. 20(c). 

The purpose of the source-current test, 
Fig. 21, is to determine the amount of 
current that the p device is capable of 
sourcing (with the p channel on) at a given 
output-voltage level. Fig. 21(a) shows a 
CD4001AD device whose Vpp is equal to 
10 volts and whose voltage output is specified 
at 9.5 volts. Under these conditions, the 
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Fig. 19 — Input-voltage-level test arrangement. 
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Fig. 20 — Output drive current (py), sink-current, 
test arrangement. 
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(a) (b) Equivalent Circuit 


Fig. 21 — Output drive current (ppl, source current, 


test arrangement. 
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output diive current will be a minimum of 
0.25 milliampere. The amount of current 
that the device can source varies depending 
upon the voltage drop across the device 
(Vps) for a fixed VGs. p-channel drain 
characteristics are shown in Fig. 21 (c). 

These current-voltage relationships can be 
verified, theoretically, by the use of the 
following equations. 

In the triode region: 


2K’W Vos? 
IpD-e__ | Yps (VGs-VtH)- 5— | 0< 
VpsS(VGs-VTH) 


In the saturated region: 





' 2 
ip [vos-vr] 0< 
(VGs-VTH)SVps 
where Vp = drain-to-source voltage 
VGs = gate-to-source voltage 
VTH = device threshold voltage 
HE 


’ 





= uM =effective surface mo- 
-tox bility of the carrier 

in the channel 

€y =permittivity of the 
oxide 

tox =oxide thickness 

W = channel width 

2 = channel length 


Input Capacitance 

The input capacitance of a device is 
measured as shown in Fig. 22. A capacitance 
bridge is connected between each input and 
Vss-. The capacitance is then measured after 
all stray capacitance has been nulled. The test 
is performed at a 1-MHz bridge setting. De- 
vice input capacitance is considered accept- 
able if the bridge reading is less than the 
maximum input capacitance specified on the 
data sheet. 


Drain-To-Source Voltage (VDS)—Volts 
191413721110 98 476543210 
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Fig. 22 — input capacitance measurement. 


DYNAMIC TESTING 
Propagation Delay and Transition Times 


Propagation Delay (tpyjq) is measured from 
the 50-percent point athe input pulse to 
the 50-percent point of the output pulse as 
the output goes from a low level to a high 
level. 


Propagation Delay (tpyy) is measured from 
the 50-percent point Meine input pulse to 
the 50-percent point of the output pulse as 
the output goes from.a high level to a low 
level. 


Transition Time (t7_4) is the time required 
for the output to make the transition from 
the low state to the high state (n device turns 
off, p device turns on). This time is measured 





Input f+ Output 
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Fig. 23 — Waveforms used in the measurement of 
propagation delay and transition times. 


from the 10-percent point to the 90-percent determined is the maximum operating fre- ting frequency is applied to the device while 


: quency of the individual device. the outputs are monitored. This is a go-no-go 
point ok the output pulse: When ‘testing for compliance a device for test_as opposed to a characterization test. 
Transition Time (ty) is the time required which a maximum operating frequency has Fig. 24 shows a CD4013, dual D-type 
for the output to make the transition from been specified, the maximum specified opera- flip-flop, under test for maximum operating 


the high state to the low state (p device turns 
off, n device turns on). This time is measured 
from the 10-percent point to the 90-percent 
point of the output pulse. 


Dynamic parameters are measured at a 
specified load of 15 and/or 50 picofarads. 
The load specified is for total capacitance 
including stray and probe capacitance. Fre- 
quency is not a critical factor in determining 
switching speeds of COS/MOS devices. Test- 
ing should be done at a frequency compatible 
with the test set or laboratory equipment in- 
volved and must be less than the maximum 
operating frequency. Fig. 23 shows waveforms 
used in the measurement of propagation 
delay and transition times. 

Note that certain dynamic tests, when 
performed on a go-no-go basis, are conducted 
with specified limits as test conditions and 
with the device outputs monitored. Para- 
meters tested in this way include set-up 
times, minimum clock, reset and preset 
pulse widths, clock rise and fall times, maxi- 
mum clock frequency, and preset and reset 
removal times. Parameters such as propaga- 
tion delay and transition times are tested 
under a set of prescribed conditions so that 
the test yields actual characteristic data. 


Maximum Operating Frequency 


The maximum operating frequency, fCL, 
is that clock input frequency above which 
the device will no longer perform its logical 
function. This frequency is determined by 
gradually increasing the input frequency 
while monitoring the output until the device 
no longer functions properly. The input fre- 
quency is then lowered until the device re- 
sumes correct operation. The frequency thus 
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Clock Input 


: 50% 


Expected 

Output : 
ai tz 

50% 50% 
Test Conditions (Per Data-Sheet Specifications*} 

* Pulse-Generator Amplitude 10V 
Pulse-Generator Impedance-Matching Resistor (R) = 50 ohms 

*Pulse-Ganerator Rise and Fall Times (t, = te) 20ns 

*Pulse-Generator Input Frequency (foi) 7 MHz 

*Load Capacity — Cy (Including Stray and Probe} 15 pF, 50 pF 


92CS-28379 
Fig. 24 — Test circuit for measuring the maximum 
operating frequency of a CD4013A/B. 











frequency at an operating voltage of Vpp— 
Vss of 10 volts. 


Set-Up Time 


Set-up time (tg) is the time interval during 
which a signal is applied and maintained at a 
specified input terminal before the device 
recognizes the presence of the specified input 
pulse. An example of set-up time measure- 
ment for a CD4013, Fig. 25, shows a data 
input which must be present for time ts (value 
specified in data sheet) in order for the 
positive transition of the clock pulse to 
transmit the level at the data input to the Q 
output. If the data input is not present for a 
sufficient period of time prior to the positive 
transition of the clock, the previous state of 
the data input will be recognized and trans- 
mitted to the Q output. 

When testing a device for compliance with 
a specified set-up time, a go-no-go test, the 
set-up time specified in the data sheet is used 
as a test condition and the output is moni- 
tored for expected operation. When charac- 
teristic data is required, the set-up time is 
varied until the expected output occurs. 


Minimum Clock, Set, Reset, and Preset 
Pulse Widths 


Pulse widths, ty, are defined as the time 
from the point on the leading edge of the 
clock-pulse curve which is 50-percent of the 
maximum amplitude to a point on the 
trailing edge which is 50-percent of the 
maximum amplitude, Fig. 26. The minimum 
pulse width for the clock, set, reset, and pre- 
set inputs is that time that the pulse must be 
present in order for the device to recognize 
the presence of the pulse. 

When testing a device for compliance with 
minimum pulse widths, a go-no-go test, the 
pulse width specified in the data sheet is used 
as a test condition and the output is moni- 
tored for expected operation. When charac- 
teristic data is required, the pulse width is 
varied until the expected output occurs. 

An example of minimum clock-pulse width 
measurement (twH) for a CD4013 at a Vpp 
—Vgg of 10 volts, Fig. 27, shows the mini- 
mum clock-pulse width specified in the data 
sheet being applied to the clock input of the 
device under test at a frequency (f) that is 
less than the maximum operating frequency 
specified. The clock pulse is applied in one 
case when the data input is low and is then 
applied again when the data input is high. 
(The high and fow states of the data input 
must be present for a time exceeding the 
specified set-up time.) A device that complies 
with the minimum clock-pulse width para- 
meter specification will transmit the data 
input level to the Q output on the positive 
transition of the clock. Proper operation of 
the CD4013 can be checked by monitoring 
for an expected output at Q of f/2. 


Maximum Clock Rise and Fail Times 


The maximum clock rise and fall times 
(UCL. tfCL) are the rise and fall times of 





Data Input 


Clock Input 
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Q Output Expected Output 


Test Conditions (Per Data-Sheet Specifications *) 


*Pulse-Generator Amplitudes 


Pulse-Generator Impedance—Matching Resistor (R) 


*Pulse-Generator Rise and Fall Times (t, = t¢) 


*Load Capacitance—C, (Including Stray and Probe) 


*Setup Time (ts) 


10V 

50 ohms 

20 ns 

15 pF, 50 pF 
20ns 
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Fig. 25 — Set-up-time test circuit for a CD4013A. 


tWH 


50% 50% 


Fig. 26 — Waveform used 


the clock input signal (measured from 10 
percent to 90 percent), above which the 
device is guaranteed to perform its logical 
function. This rise and fall time is determined 
by gradually increasing the clock rise/fall 
time while monitoring the output until the 
device no longer functions properly. The 
clock input rise and fall times are then 
jowered until the device resumes correct 
Operation. The rise and fall times thus deter- 
mined are the maximum clock rise and fall 
time of the individual device. 

In testing a device for maximum clock 
rise and fall times to a specified limit. the 
maximum specified clock rise and fall times 
are applied to the clock input while the out- 
put is monitored, The input frequency used 
to perform this test must be less than the 
reciprocal of 2ty; for example, when applying 
the specified clock rise and fall times for a 
CD4013 at a Vpp — Vsg of 10 volts. the 


WE 


50% 


92CS—28377 
to define pulse widths. 





maximum clock input frequency that may be 
used is 100 kHz. 
Fig. 28 isan example of a test of maximum 
clock rise and fall times of a CD4013, dual 
flip-flop, at an operating voltage, Vpp. Vss 
of 10 volts. | 


Reset, Set and Preset Removal Time 


The reset, set, and preset removal time, 
tREM. when used in reference to flip-flops, 
counters, and shift registers. is that time for 
which the reset, set. or preset pulse must be in 
its clock enabling state before the device can 
resume synchronous operation. 

When a device is in the preset mode, the 
JAM input levels are transmitted to the Q 
output asynchronously. The reset state 
causes the Q outputs to go to a low level: the 
set state causes the Q outputs to go to a high 
level. It is generally an invalid condition to 
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have a device in more than one asynchronous 
state at the same time. 

In testing a device for compliance with 
data-sheet specifications, the removal time 
specified is applied at the appropriate input 
terminal of the device under test. When 
characterizing a device, the removal time is. 
adjusted relative to the clock input such that 
expected operation occurs, decreased to the 
point where expected operation no longer 
occurs, and then increased until expected 
operation reoccurs. The time recorded at the 
reoccurrence of expected operations is the 
correct removal time (tREM). 

An example of a test for minimum preset- 
enable removal time as specified in the data 
sheet of a CD4029A, presettuble up/down 
counter. is shown in Fig. 29. The JAM inputs 
Ji, J2, J3, and J4 are hard-wired to ground 
(low). With the preset enable input high, the 
information on the JAM inputs is trans- 
mitted to the Q outputs (regardless of the 
state of the clock). The preset input is then 
set low. After a time equal to tREM, the 
clock-pulse positive transition advances the 
counter and causes the Q) output to go high. 
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tae f 
The transition of the. Q 1 output from the low a 

to the high state confirms that the preset Test Conditions (Per Data-Sheet Specifications*) 

enable pulse has been removed for a suffi- * Pulse-Generator Amplitudes 10V 

cient time to allow the device under test to pale aneratnr Hae and ral Te eaibes cid 

7 ulse-' mnerator impedance-i itching stor ohms 
resume synchronous clocked operation. * Clock-Pulse-Generator Frequency << Max. Operating Frequency 
* Load Capacity (C,} (Total Including Stray) 15 pF, 50 pF 
Reference 92CS— 28383 


1. Guide to Better Handiing and Operation 
of CMOS Devices, ICAN-6525, J. Flood 
and H. Pujol, RCA Solid State, 1976. 


teL HCL 


90% 
Clock Input 


10% 


Q Output 7 a a a 


Test Conditions {Per Data-Sheet Specifications *) 


* Pulse-Generator Amplitude 10V 

* Pulse-Generator Rise and Fall Times (tec, tecL) Sus 
Pulse-Generator Impedance-Matching Resistor 50 ohms 

* Pulse-Generator Frequency 100 kHz 


* Load Capacity (C_} (Totat Including Stray and Probe} 15 pF, 50 pF 
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Fig. 28 — Test circuit for measuring maximum clock- 
rise and fall time in a CD4013A/B. 


748 





Fig. 27 — Test circuit for measuring minimum clock- 
pulse width in a CD4013A/8. 
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Test Conditions (Per Data-Sheet Specifications) 


Pulse-Generator Amplitude Voo 
Pulse-Generator Rise and Fall Times (trop = ttep! 20ns 
Putse-Generator Impedance-Matching 

Resistor 50 ohms 


Load Capacity (C, ) {Total tnctuding Stray and Probe) 15 pF, 50 pF 
92CS- 28382 


Fig. 29 — Test circuit for measuring preset-enable 
removal time in a CD4029A/8. 








A Basic Selection Guide to Digital Counters 


by J. E. Gillberg 


The binary ripple counter has emerged 
as a major building block for today’s 
digital circuit designs primarily because it 
offers a large amount of information for a 
set number of bits. In addition, it is 
simple, requiring no decoding from the 
counting stages. and its dynamic power 
consumption is small. This Note discusses 
these advantages, compares. the binary 
ripple counter with the Johnson decade 
counter and the BCD counter, and 
discusses the selection of the most suitable 
counter for specific applications. 


Design Features 
The functional diagram for a 


COS/MOS 7-stage binary counter type 
CD4024 is given in Fig. 1. The CD4024 





a 


forces 





counter. These devices provide alter- 
natives to the digital system designer and 
have advantages and disadvantages, as 
does the binary ripple counter. 


The CD4017 consists of a 5-stage 


Johnson decade counter and an output 
decoder which converts the Johnson binary 
code to a decimal number. Functional and 
logic diagrams are given in Fig. 3 for this 
device. 
“anti-lock” 


The includes 


proper 


decade counter 
gating to assure 


counting sequence. Because the Johnson 
counter does not use every available 
combination of outputs, it is possible for 
the counter to enter an “illegal” mode of 
operation at power turn-on or as the result 
of incoming noise. The anti-lock gating 
counter back 


the into “legal” 
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Fig. 1 - Functional and logic diagrams for a COS/MOS 7-stage binary counter type CD4024. 


superseded the CD4004 which was the 
first counter available in the CMOS family 
of digital devices. This counter is a simple 
basic design, comprising a series of toggle 
flip-flops in which the clock input of one 
flip-flop is connected to the Q output of 
the previous flip-flop. No additional 
gating is necessary to perform the binary 
count. The buffer converter connected to 
the Q output of each flip-flop stage 
enhances the current drive without ad- 
versely affecting counter speed. Fig. 2 is a 
detailed diagram of a single master-slave 
flip-flop used as the sequential memory 
element in the CD4024, as well as in most 
static counters. 


Two other counters that have found 
acceptance as digital building blocks are 
the CD4017, a decade counter/divider 
using the Johnson decade counter con- 
figuration, and the CD4518, a BCD up- 
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operation. For many applications, the 
disadvantage of the unused logic states. 
necessitating the use of additional counter 
slages, is compensated for by its high- 
speed operation, 2-input decimal decode 
gating, and spike-free decoded outputs. 


The CD4518 BCD synchronous counter 
requires extra gating to determine what 
state the counter should be clocked into at 
the next incoming pulse. Its functional 
and logic diagrams are given in Fig. 4. Its 
binary coded decimal output makes it a 
good choice for many applications where 
there is machine-to-person interface. 


The absence of extra gating in the 
binary ripple counter, however. allows 
maximum information density and, 
therefore, provides a significant advantage 
over the other two types. 


Power Consumption 


The power consumption of any counter 
depends on the input and _ output 
capacitance of the counter, its operating 
voltage, and the operating frequency. This 
relationship is expressed by 


P=CVv2f 


where P is the power consumption in 
watts. C the load capacitance in farads, V 
the operating voltage in volts. and f the 
frequency of operation in hertz. This 
expression can be used as a design guide to 
the power consumption of a circuit when 
more specific data is not available. The 
actual power consumption of an IC, 
however, may vary + 25 percent from the 
value calculated. 





Fig. 2 - Detailed diagram of master-slave flip-flo 
counters including the CD4024, 
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, the sequential memory element of most static 
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Fig. 3 - Functional and logic diagrams for 5-stage Johnson decade counter type CD4017. 
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Fig. 4- Functional and logic diagrams for BCD counter type CD4518. 


If it is assumed that the input 
capacitance of the COS/MOS gate is small 
compared to the output load capacitance, 
it can be shown that the power con- 
sumption of the binary ripple counter is 
not too different from that of the other 
counters. With the CD4013 Quad D Flip- 
Flop, shown functionally in Fig. 5, used as 
the example and the dissipation 
characteristics curves for this device in 
Fig. 6, one can calculate the power 
dissipation of a divide-by-sixteen binary 
ripple counter and compare it to that of a 
Johnson counter. 


The timing diagram given in Fig. 7 
shows that each toggle flip-flop in a binary 
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system is actually a divide-by-two system. 
The divide-by-sixteen counter would 
require (16 = 24) four flip-flops. At a 
clock frequency of 4 MHz, a Vpp of 10 
volts, and an output capacitance of 15 pF, 
this 4-stage network would operate at the 
following frequencies and, from Fig. 6, 
dissipate the indicated power: 


Stagel 2x 10° Hz 23 x 10? wW 
Stage2 1x 10° Hz L7 x10? uW 
Stage 3 0.5 x 10° Hz 1.0 x 103 pW 
Stage 4 0.25 x 10° Hz 0.5 x 103 pW 


Total Power §.5 x 108 uW=5.5 mW 





9208-25046 


Fig. 5 - Functional diagram of dual D 
flip-flop type CD 4013. 
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Fig. 6 - Dissipation characteristics curves 
for type CD4013. 


For a Johnson counter, which operates 
by feeding back the inverted output of the 
final stage. the number of stages utilizing 
the C1D4013 flip-flop needed for a divide- 
by-sixteen counter is eight. The outputs 
are changing ata rate of 


4x 10° Hs +8 = 0.5.x 109 Hz 


Each flip-flop at this frequency and at an 
operating voltage of 10 volts and an output 
load of 15 pF would, from Fig. 6, dissipate 
approximately 1.0 x 103 «W. The total 
dissipation for the eight flip-flops, 
therefore. would be 8 x 1.0.x 103 uW = 
8.0 mW. 


This comparison shows that the power 
dissipation of these two systems is fairly 
close in value and should not be the major 
deciding factor as to which system to use 
in a specific application. 


crock SUP LE LS LSLS LSPS 1 by «to 
eat US Lys LS 37 


Fig. 7- Timing diagram for divide-by-two 
flip-flop. 


Information Density 


The most. significant advantage of 
binary counters is the amount of in- 
formation which can be realized from a 
given number of bits. A comparison of a 
binary 12-bit system with BCD and 
Johnson counter 12-bit systems shows that 
the binary system has 4096 separate 
states, the BCD system has 1000 separate 
stages, and the Johnson system has 24 
separate states. 


In a 12-bit system the binary counter is 
by far the most compact. In systems using 
a larger number of bits this advantage is 
even greater and is becoming increasingly 
important as manufacturers develop MSI 


and LSI devices. No longer is the con- 
straint on a design the pellet size, but 
rather the number of output pins the 
design uses. 


In a system where the goal is a specific 
output frequency and where the input 
frequency is variable, the binary ripple 
counter is and has been the choice of many 
designers. An excellent example is the 
design technique usually used in digital 
clocks and watches. An output of | Hz is 
obtained by counting down from a typical 
4.194-MHz oscillator or a 32.768-kHz 
oscillator using the appropriate number of 
binary stages. 


Device Selection 


Although the binary counter has ad- 
vantages, it does have the handicap of 
interfacing a non-binary world. It is 
difficult to decode accurately a non-binary 
count from a binary counter because a 
complex decoding scheme is needed and 
because the possibility of decoding spikes 
is increased. As shown in Fig. 8, a binary 
counter needs many external gates for 
decoding purposes. In addition, to change 


aq Qi 


cb4024 
T-STAGE BINARY 
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Fig. 8 - Typical external gate required by binary 
counter for decoding; spike possibility caused by 


non-simultaneous bit change, and, counting 
sequence requiring simultaneous bit change. 


from count 9 to count 10, two bits must 
change simultaneously. Consequently, if 
one bit changes prior to the second, a false 


count of 8 or 11 could be decoded. 


To avoid this kind of “‘glitch” 
possibility the Johnson counter was 
designed. In the Johnson counter only one 
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bit is changing at a time, as shown in Fig. 
9. Decoding of the Johnson counter with 
one inverter and one two-input gate can 
always be accomplished by decoding a 1;0 
or Q;1 state between the two appropriate 
outputs. In addition, because only one bit 
is changing when the counter moves from 
one count to the next, no decoding glitches 
will develop from this decoding network. 


CD4018 
5- STAGE JOHNSON 
COUNTER 










00000 - 0 

10000 - 1 

11000 - 2 

J 11100 - 3 

11110 - 4 

DECODING COUNT ith - & 
(9) onl - 6 

00111 — 7 

00011 - & 

00001 - 9 
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Fig, 9 - External gate required by Johnson 
counter; counting sequence requiring only 
one bit change\ at a time. 


One disadvantage of both the binary 
and the Johnson counters is the difficulty 
of interfacing a decimal world. This 


difficulty instigated the development of 
the binary-coded decimal system. In the 
BCD system, by grouping four bits into 
each single decimal number, the actual 
count becomes much easier for human 
interface. 


By way of summary, binary counters, 
because of their high information density, 
low power consumption, and _ relative 
simplicity, are well suited for applications 
such as industrial timers, watch or clock 
operation, binary arithmetic systems, and 
microprocessor systems. 


Johnson counters, because of their 
decoding ease for any given count, are well 
suited for industrial controls, sequencers, 
low divide-by-n decoding, and 
programmable divide-by-n counters. 


BCD counters, because of their ease of 
interface for human control, are well 
suited for programmable divide-by-n 
counters, counting systems for seven- 
segment readouts, industrial controls, and 
frequency synthesis. 
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Understanding Buffered and 
Unbuffered CMOS Characteristics 


by R. E. Funk 


INTRODUCTION 


Both buffered and unbuffered CMOS 
B-series gates, inverters, and high-current IC 
products are available from RCA; each pro- 
duct classification has application advantages 
in appropriate logic-system designs. Recently, 
many CMOS suppliers have been concen- 
trating on promoting buffered B-series pro- 
ducts with applications literature focusing 
on the attributes and use of the buffered 
types. This practice has left an imbalance in 
the understanding and application of both 
buffered and unbuffered gates and, in many 
instances, customers are not using unbuffered 
products when they are the best for the in- 
tended application. This Note narrows the 
misunderstandings involved in this issue by 
presenting and discussing the relative merits 


of the buffered and unbuffered CMOS devices. 


Background 


Historically, most CMOS gates, inverters, 
and high-current IC products were unbuffered, 
and exhibited good logic-system perform- 
ance, speed, noise immunity, and quasi-linear 
characteristics in a wide variety of applica- 
tions. As the scope of CMOS products 
broadened and more manufacturers entered 
the scene, buffered gate and inverter products 
were brought out by RCA and others. 
While RCA confined initial buffered pro- 
ducts to new OR and AND functions, 
other manufacturers intraduced buffered 
NOR and NAND gates having the same 
generic 4000A-series designations as the 
original widely-used unbuffered gates. Many 
users were surprised by the non-interchange- 
ability of the devices in applications where 
speed, noise immunity, output impedance, 
and linear gain-bandwidth characteristics were 
critical. It is of immense benefit to CMOS 
users to have available the definitions and 
designations of both buffered and unbuffered 
B-series CMOS devices as determined by the 
JEDEC CMOS Standardizing Committee 
under the cognizance of the JC40.2 JEDEC 
Committee of EIA. The official JEDEC 
definitions are repeated below along with 
detailed explanations and examples. Com- 
parison of user-oriented characteristics and 
the use of buffered and unbuffered gates are 
also reviewed. 


Definitions 

Buffered CMOS—A CMOS device for which 
the output on impedance is independent 
of any and all valid input logic conditions, 
both preceding and present, is said to have a 
buffered output or to be a buffered CMOS 
device. All such products are designated by 
the suffix B. 


Unbuffered CMOS-—Products that meet B- 
series specifications except that the logical 
outputs are not buffered and the VjL, and 
VIH specifications are 20 percent and 80 per- 
cent of Vpp, respectively, are marked with 
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the UB designation, such as (inciuding, but 
not limited to): 


4000UB 4025UB 
4001UB 4007UB 
4002UB 4009UB 
4011UB 4041UB 
4012UB 4049UB 
4023UB 4069UB 


The official JEDEC definitions are pri- 
marily applicable to gates, inverters, and 
high-current (inverting) drivers such as the 
specific UB types shown above. Non-inverting 
gates and drivers as well as all MSI and LSI 
B-types are by definition B types. There are 
special analog I/O types that are also in- 
cluded as B types since they conform to all 
B standards except that they have special 
analog I/O circuitry. Examples of parts that 
have no buffered or unbuffered significance 
are: 


4016B 4053B 
4046B 4067B 
4051B 4097B 
4052B 4066B 
4511B 
4528B 


RCA will make available both types of 
CMOS gates. Logic examples of the buffered 


po i 
~ 


VSS 





and unbuffered 2-input NOR gate are shown 
in Fig. 1. Note that the buffered logic can be 
implemented by either a 2-input NOR func- 
tion followed by two inverters or by two 
input inverters followed by the 2-input 
NAND gate and an output buffer. RCA uses 
the latter logic configuration, which has the 
advantage of optimizing device noise im- 
munity by negating the effect of stacked 
devices at the input. This characteristic is 


A 
QUTPUT 
8 


(a) BUFFERED — CO40016 
92¢$-28330 


Fig. 1 — Examples of the buffered (CD4001 B} and 
unbuffered: (CD4001UB) 2-input NOR gate. 


especially significant for 3- or 4-input gates 
where three or four PMOS or NMOS tran- 
sistors are stacked in series at the input. In 
this case, the inputs have an effective offset 
in threshold and reduced input noise im- 
munity. 

Fig. 2 is a schematic representation of the 
RCA buffered and unbuffered 2-input NOR 
gates. The improved 4-diode-input gate-oxide 
protection circuit is shown at the inputs. 
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(b) UNBUFFERED 


Fig. 2 — Schematic diagrams of the buffered and the 
unbuffered 2-input NOR gate. 


(b) UNBUFFERED—CD400IUB 
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Examples 
Examination of the de performance charac- 





teristics of both the buffered and unbuffered ae a---]P aire A---\P 
2-input NOR gate reveals the two electrical oes Re tow ten abe 
characteristics, output impedance and noise oak —w aA aene a 

. 2 + . HIGH Low HIGH 

immunity, by which the types are differen- — gars —~8 = 


tiated by the JEDEC standard specifications: 


Qutput Impedance 


--Buffered—Fig. 3 depicts the buffered 
output stage and shows the MOS tran- 
sistor as switched on with a channel 
resistance R; R is the same value for the 
n-switch closed or the p-switch closed. 








+V (a) LINPUT LOW, | INPUT HIGH {b) BOTH INPUTS Low {c) BOTH INPUTS HIGH 
92CM- 28333 
J 
—-—-—- ] switcx Fig. 4 — Variable output impedance of an unbuffered 
2-input NOR gate. The resistors represent the 
R on impedance of a p- ar n-channel MOS tran- 
Zor Ssistor. 
n 
—-———\" switcH Tas 25°C 
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Fig. 3 — Constant output impedance of a 
buffered gate. 


--Unbuffered—Fig. 4 depicts the unbuf- 
fered 2-input-gate p- and n-channel MOS 
switches and appropriate on-channel 
resistances. Note that the two stacked 
p-channel switches are designed for an 
on resistance of R/2. so that the output 
impedance is R when both the logic 
inputs are low, Fig. 4(b). In Fig. 4(a) 
the output impedance is R to the 
negative supply terminal (usually ground) 
for an input logic state of 1, input high. 
Fig. 4(c) shows the condition when the 
unbuffered gate has an output impedance 
of R/2 for both logic inputs high. Hence 
the variable output impedance of the 
unbuffered gate. For a 4-input gate, this 
variable is R to R/4! The maximum 
output resistance of RCA buffered or 
unbuffered gates is R. Thus, minimum 
IOL and IQH specifications for buffered 
and unbuffered gates are identical. 


Noise Immunity 


The second JEDEC-defined difference be- 
tween the buffered and unbuffered CMOS 
gates (or inverters) is the difference in input 
noise-immunity characteristics. 


—Buffered—The buffered 2-input NOR 
gate voltage-transfer characteristics, Fig. 
5, are squared because of the gain of 
three CMOS stages from input to output. 
Fig. S shows that noise voltage inputs of 
+15 V at Vpp = 5 V and +4 V at 
Vpp = 15 V will have little discernible 
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Fig. 5 — Voltage transfer characteristics of a buffered 
2-input NOR gate (CD4001 8B). 


effect on the output voltage; ie., noise 
immunity for all logic states is optimally 
high as is noise margin: | volt at Vpp = 
5 V and 2.5 V at Vpp = 15 V. 


—Unbuffered—Fig. 6 shows the rounded 
voltage-transfer characteristics of the 
2-input unbuffered NOR gate. Also 
evident is the shift in the transfer curve 
for the different logic input states. Com- 
pare these curves to those of Fig. 5 and 
the effects of the non-buffered inputs 
as well as the gain differences are evident. 
The rounded characteristics require a 
noise-immunity specification of +20% 
of Vpp at 5, 10 and 15 V as well as a 
reduced noise margin: 0.5 V at Vpp = 
5 V and 1.0 V at Vpp = 15 V. 


The above definitions use gate charac- 
teristics as illustrative of the JEDEC defini- 
tions for buffered and unbuffered charac- 
teristics relative to variable output impedance 
and noise-immunity performance. Inverters 
and high-current drivers may also be defined 


as buffered (B) types or unbuffered (UB) 
types by virtue of the squared or rounded 
transfer characteristics of Figs. 3 and 4, 
respectively. Even though both types have a 
single NMOS and single PMOS output tran- 
sistor, the rounded transfer characteristic of 
the unbuffered inverters makes them UB 
types by virtue of: 
1. Reduced noise-immunity performance 
where the 20% rating is applicable. 
2. Varying output impedance as a func- 
tion of input voltage change along the 
rounded portion of the transfer curve. 


COMPARISONS 


Table I shows the qualitative comparisons 
of user-oriented performance characteristics 
of buffered and unbuffered CMOS gates, 


inverters, or drivers. Table II is a quantitative 
comparison of the key performance charac- 
teristics with explanations as follows: 


Propagation Delay—Delays shown are appli- 
cable to RCA 2-, 3-, and 4-input NOR and 
NAND gates. 





753 








ICAN-6558 

















Vout —VouTs 


Vout — VOLTS 














Vin — VOLTS 


(a) 


Table I-Comparison of Buffered and 
Unbuffered Gate Characteristics 


Characteristic Buffered Unbuffered 
Propagation Delay Slow Fast 
Noise 

Immunity/Margin Excellent Good 
Output Impedance 

and Output Transi- 

tion Time Constant Variable 
AC Gain High Low 
Output Oscilla- 

tion for Slow 

Inputs Yes No 
Input Capacitance Low High 


Noise Immunity—Table III shows the de- 
tailed input-voltage data-sheet specifications 
for buffered and unbuffered gates. From 
these test conditions the user-oriented noise- 
immunity and noise-margin data of Table II 
are derived. Also refer to Figs. 5 and 6 for 
the voltage-transfer characteristics that illus- 
trate the reason for the different input-volt- 
age-specification requirements for buffered 
and unbuffered devices. 


Output Impedance--Refer to Figs. 3 and 4 
and accompanying descriptions of the con- 
stant output impedance of buffered gates 
and the variable output impedance of un- 
buffered gates. Note that both buffered and 
unbuffered RCA 2-, 3- and 4-input gates are 
designed to meet the same maximum output 
impedance; output current ratings (IOL and 
IQH) have the same minimum limit on RCA 
data sheets. 


Output Transition Time—The time required 
for a CMOS output to transfer high or transfer 
low is constant for buffered gates but varies 
according to input logic states for unbuffered 
gates. Output transition time varies as a 
function of the driving source resistance of 
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Fig. 6 — Voltage transfer characteristics of an unbuffered 
2-input NOR gate (CD4001U8) with output voltages 
of 5 and 15 volts. 


Table Il—Characteristics of Buffered and Unbuffered Gates 


Buffered Gates Unbuffered Gates 
Typical Propagation Delay 
Vpp = 5 V, Cy =50 pF 150 ns 60 ns 
Vpp = 10 V 65 ns 30 ns 
Vpp = 15 V 50 ns 25 ns 
Noise Immunity 30% of Vpp 20% of Vpp 
at 5 and 10 V at 5,10, and 15 V 
27% at 15 V 
Noise Margin Vpp= 5 V 1V 0.5 V 
10V 2Vv 1.0V 
15 V 25V 1.0V 
Typical Output Impedance 
Vpp 75 V, Vg =40.4V 
2-Input Gate 400 ohms 200-400 ohms 
3-Input Gate 400 ohms 133-400 ohms 
4-Input Gate 400 ohms 100-400 ohms 
Typical Output Transition Time 
Vpp =5 V, Cl = 50 pF 
(2-, 3-, 4-Input Gates) 100 ns 50-100 ns 
AC Gain Vpp=!0 V ~68 dB 23 dB 
AC Bandwidth =Vpp=10 V 280 kHz 885 kHz 
Output Oscillation For 
Slow Inputs Susceptible Not Susceptible 


For t,,t¢ > 1 ms 


Typical Input Capacitance 
Average 
Peak 


the output, which is state dependent as 
indicated in Fig. 4, as well as the device 
output capacitance, which is dependent on 
both device size and input logic state. Be- 


cause of variable output capacitance, output- 


transition-time variations are not a linear 


For t,,t¢ to 100 ms 


1-2 pF 
2-4 pF 


2-3 pF 
5-10 pF 


function of output resistance. As Table Il 
shows, RCA 2-, 3- and 4-input unbuffered 
gates exhibit a net 2-to-1 difference in output 
transition time even though the output 
resistance has a net 4-to-1 variation for the 
4-input gate. 








Table I1]—Input-Voltage Specifications 


wr Limit 
Characteristic Vg  Vpp Min. Max 
Input Voltage 
Low (Vit) 45 5 - 1.5 
9 10 3 
B 13.5 15 - 4 
UB 45 5 - l 
9 10 = 2 
13.5 15 - 25 
Input Voltage 
High (Vjy) = 0.5 5 3.5 - 
1 10 7 = 
B US 15 11 7 
UB 0.5 5 4 = 
! 10 8 - 
LS 15 12,5 = 
Notes: 
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Units 


Volts 


1. Noise-immunity voltage is the Vy of Vip Specification Limit. 


2. Noise-margin voltage is computed as follows: 


AC Gain and Bandwidth—-CMOS linear-mode 
gain was measured for both the buffered and 
unbuffered RCA 2-input NOR gate by means 
of the test circuit of Fig. 7. Fig. 8 shows 
typical linear-mode gain difference between 
buffered and unbuffered RCA 2-input NOR 
gates. While absolute performance depends on 
device type (inverters; 2-, 3-, 4-input gates) 
and test configurations, Fig. 8 defines the 






SINE- 
WAVE. 
GENERATOR 
50-OHM 
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Fig. 7 — Linear-gain test circuit. 
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Fig. 8 — Typical linear-mode gain of buffered and 
unbuffered 2-input NOR gate. 





Noise-Margin Voltage = Vit - (Vpp-Vo) 


= Wpp-Vip - Yo: 


approximately 3-to-1 difference in linear- 
mode_ performance between buffered and 
unbuffered gates. 


Output Oscillation for Slow Inputs—The high 
linear-mode gain of buffered CMOS devices 
can lead to undesirable oscillation at outputs 
when input ramps are in excess of approxi- 
mately | millisecond duration. Fig. 9 itlus- 
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i 
t 


OUTPUT ~~ 
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Fig. 9 — Buffered output oscillation for a slow input. 


trates this effect when approximately 1 to 2 
millivolts of ac noise within the device band- 
width on the input signal are amplified 
through the device and tend to develop a few 
cycles of oscillation between the positive and 
negative rails under 5-volt operation. In 
contrast, unbuffered gates do not tend to 
oscillate unless a noise voltage of 200 to 300 
millivolts were present within the bandwidth 
of the device. An input ramp of up to 100 
milliseconds duration did not create oscilla- 
tion in laboratory tests of RCA unbuffered 
gates. 


Input Capacitance—Figs. 10 and 11 show the 
dynamic input capacitance of the RCA 
buffered and unbuffered 2-input NOR gates, 
respectively. The large MOS transistor geo- 
metry of the unbuffered NOR gate is 
tesponsible for the higher peak input capaci- 
tance (Miller effect) in the linear switching 
range. The longer dwell in this linear region 
also tends to broaden the Miller capacitance, 


and therefore increases the effective average 
input capacitance. Buffered gates and inverters 
are rated at a maximum input capacitance of 
1 unit load (7.5 picofarads—JEDEC standard), 
unbuffered gates and inverters are rated at 2 
unit loads (15 picofarads maximum). High- 
current unbuffered drivers, such as the CD- 
4049UB, are rated at 3 unit loads (22.5 
picofarads maximum). 


Applications Guidance 


Table IV summarizes preferred application 
areas for both buffered and unbuffered RCA 
B-series IC products. This information is based 
on the buffered and unbuffered CMOS device 
characteristics listed in Table I] combined 
with the author’s experience and familiarity 
with the application areas indicated. The 
information given is general guidance to allow 
the designer to key in on the specific 
performance characteristics of either device 
type. The data provided in this Note are 
derived from RCA standardized B and UB 
products whose circuit designs were imple- 
mented to match performance between UB 
and B gate types as closely as possible. For 
example, device sizes were selected to assure 
matched output drive. In addition, the pro- 
cess and layout rules followed in B and UB 
designs of RCA product are identical, as is 
the use of improved gate-oxide protection 
circuitry for B and UB product. 


RCA Gate, Inverter, and Driver Products 


Table V is a current list of SSI (small 
scale integrated) Band UB products presently 
in production by RCA. Refer to RCA pro- 
duct guides and the Databooks for detailed 
product information.1 
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Table IV— Applications of Buffered and Unbuffered CMOS Gates and Inverters 
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Fig. 10 — Input capacitance of a buffered 2-input 
NOR gate (CD4001 8). 


Application Buffered Unbuffered 


High-Speed Systems - Preferred 


High-Noise Environments, 
Low-Speed Systems Preferred 7 


Ultra-Low-Frequency Systems 

Inputs <1 kHz sine wave or 

ramps with t,,tp >1 ms* 

excluding Schmitt Triggers — Preferred 
Gate Applications Requiring 

Constant Output Impedance 

Such as D/A R-2R Conversion Preferred = 


High-Freq., Moderate Gain, 

Linear Amplification _ Preferred 
Low-Freq., High Gain, 

Linear Amplification Preferred = 


* Applies to gates of inverter designs of Astable or Monostable multivibrators 
with T > 1 millisecond. 
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Fig. 11 — Input capacitance of an unbuffered 2-input 


NOR gate (CD4001UB). 


Table V-RCA COS/MOS Buffered and 


Unbuffered Gate, Inverter, and 





Driver Types 
Buffered Unbuffered 
CD4000B CD4000UB 
CD4001B CD4001UB 
CD4002B CD4002UB 
CD4010B CD4007UB 
CD4011B CD4009UB 
CD4012B CD4011UB 
CD4023B CD4012UB 
CD4025B CD4023UB 
CD4050B CD4025UB 
CD4068B CD4041UB 
CD4071B CD4049UB 
CD4072B CD4069UB 
CD4073B 
CD4075B 
CD4078B 
CD4081B 
CD4082B 








Radiation Resistance of the COS/MOS 
CD4000A and CD4000B Series 


by M. N. Vincoff 


Complementary MOS (COS/MOS) inte- 
grated circuits possess many advantages which 
recommend their use in radiation-susceptible 
space and military environments. Several of 
the most significant of these advantages 
are: ultra-low standby-power consumption, 
high noise immunity,! extremely high pack- 
aging density, and inherently high reliability2” 
These advantages, along with the improved 
radiation resistance of the 1975 and 1976 
RCA CD4000A and CD4000B series over the 
previous CD4000 and CD4000A series de- 
scribed in earlier radiation studies,4 exhibit 
the maturity reached by the MOS technology 
since 1969. 


A number of studies of the radiation 
resistance of complementary MOS devices 
by JPL, NASA, NRL and various companies 
in the space industry have revealed two areas 
of prime concern.5» © The first, permanent 
radiation exposure, as experienced in a space- 
satellite environment, causes a shift in thres- 
hold or switching voltage, which could result 
in increased leakage current, IL. The second, 
transient radiation exposure, as experienced 
in an atomic environment, causes the output- 
voltage levels to respond to a pulse of 
ionizing radiation, this effect could change 
the state of the logic circuitry and require 
resetting of that circuitry for proper equip- 
ment or system operation. 


Permanent-Radiation Resistance 

The CD4000 series was resistant to perma- 
nent radiation levels of 2 x 104 rads (ap- 
proximately 10!2 e/cm2) in 1971 and 1972. 
In 1973, the RCA CD4000A-series devices 
without special processing were found to be 
resistant to radiation levels up to 2 x 105 
rads (approximately 1013 e/cm?), as shown 
in Fig. 1.4 In this figure the change in 
switching voltage Vg was plotted as a func- 
tion of dose; the value of Vs was calculated 
from the average value of Vy and Vp for 
the devices mentioned. In 1974 a minor 
change was made to the process and the 
radiation resistance was reduced to the 
1971 — 1972 level. In late 1974 and early 
1975 a JPL/NASA contract study resulted 
in a second change to the process (gate- 
oxide area); the change achieved a repeated 
radiation-resistance level of 1 x 10° rads 
(Si). This level of radiation resistance is 
presently provided on Class A parts having a 
“Z” designation after the part number. 
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Fig. 1 — Permanent radiation resistance of CD4000-, 
CD4000A- and CD4000B-series devices. 


Product with this designation is tested on a 
lot-sampling basis using a Gamacell-200 
Co-60 radiation source. Latest radiation- 
process improvements and resultant pro- 
duction studies indicate that some 1976 
product exhibits radiation-resistance levels 
up to and beyond 1 x 106 rads (Si). RCA 
expects to have production CD4000A and B 
series product available to 1 x 10® rads (Si) 
in 1977. 

The new radiation level of the CD4000A 
and B series represents a significant im- 
provement over the previous CD4000A 
series. In addition, with minimal shielding 
(for example, 1/16-inch of aluminum) the 
CD4000A or B series can be used in appli- 
cations with levels of radiation up to 2 x 10° 
rads (approximately 10!4 e/cm?). 


Transient-Radiation Resistance 

The resistance of the latest CD4000A and 
B series (1975 and 1976) to transient 
radiation is expected to be better than that 
of the past CD4000A series, which should 
withstand pulses of radiation in the range of 
approximately 109 to 10!9 rads/s.7 


Design Considerations 

The resistance of the CD4000A- and 
B-series devices to either perfmanent- or 
transient-radiation exposure can be increased 
by providing either minimal shielding in the 
equipment enclosure containing the devices 
or by locating the devices deep within the 
equipment. In any case, the action taken 
will depend on the constraints dictated by 
the radiation environment imposed by the 
system or program. Each application must be 
tested and the results analyzed with the 
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data in this Note as criteria. Test items to 
be considered are radiation environment, 
which will vary greatly depending on dosage 
rate; time of exposure; amount of normal © 
shielding; distance of the device from the 
radiation’ source; shielding afforded by the 
atmosphere; power-supply voltage selection; 
and switching cycles used during exposure. 
For example, consider the effects of perma- 
nent radiation on two spacecraft in 90-degree 
orbits at 600 and 1500 nautical miles from 
the earth, respectively. The dose-depth is 
determined as shown in the curves of Fig. 2. 
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Fig. 2 — Dose-depth curves for trapped electrons 
and protons in spacecraft in orbit. 


In these curves the dose in rads (A1)/day is 
plotted as a function of the thickness of 
spacecraft aluminum required to shield the 
devices from trapped electrons and protons.5 


Conclusion 

The RCA COS/MOS CD4000A and B 
series exhibit improved radiation resistance 
over the previous CD4Q00A series, and 
operate well in many applications in which 
permanent and transient radiation effects 
are factors. When stringent radiation re- 
quirements are imposed, additional shielding 
can be employed to increase the radiation 
life of COS/MOS CD4000A- or B-series 
devices to any desired level, i.e., to make 
their radiation resistance equivalent to that 
of bipolar devices.68 
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Applications of CD40107BE 
COS/MOS Dual NAND Buffer 


by D. J. Blandford and G. L. Gimber 


This Note describes the characteristics 
of the COS/MOS dual NAND buffer, the 


CD40107BE, and the wide variety of practi- 


cal applications in which this important 
addition to the CD4000-series of COS/MOS 
devices can be used. 
CHARACTERISTICS 

Fig. | shows the logic diagram of the 
CD40107BE, which consists of two 2-input 
NAND buffers in an eight-pin plastic pack- 


92CS-28347 
Fig. 1 — Logic diagram of the CD40107BE 
NAND buffer. 


age; pin assignments are shown in Fig. 2. 
The bar on the output line of the logic 
diagram in Fig. 1 indicates that the output 
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Fig. 2 — Pin assignments of the CD40107BE. 


is open-drain, as shown in Fig. 3, the circuit 
diagram and truth table for a single buffer. 
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RESISTOR TO Yop sete bsae 
Fig. 3 — fa) Circuit diagram of the CD40107BE, 
{b) truth table for 1 of 2 gates. 


Each input includes the standard COS/MOS 
protection network, a 1.5 kilohm input 
resistor and diodes to Vpp and Vgg. The 
output device is a large n-channel transistor. 
Typical transistor sink-current characteristics 
are shown in Fig. 4 in which drain current, 
Ipn. is plotted against drain-to-source voltage, 
Vps. for Vgsg = 5 V, 10 V and 15 V (ie. 
Vpp = 5 V. 10 V. and 15 V). Note, for ex- 
ample, that for a Vpg of I volt and a 10-volt 
supply, the NAND buffer is capable of sink- 
ing typically 120 milliamperes. Applications 
of this large current-sinking capability are 
described below. 

A pull-up resistor from the output (pins 
3 or 5) to Vpp enables the device to per- 
form the logical NAND function, as shown 
in the truth table, Fig. 3(b). Useable values 
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Fig. 4 ~ Minimum output low (sink) current 
characteristics of the CD40107BE. 


of pull-up resistance lie between approxi- 
mately 100 ohms and | megohm. Care should 
be taken when choosing a pull-up resistor 
or any other load not to exceed the maxi- 
mum power dissipation of the device. De- 
signers should refer to the device data sheet 
for allowable dissipation limits over the 
desired temperature range. 

The three stages of gain from input to 
output of the CD40107BE, Fig. 3(a) result 
in a very sharp transfer characteristic, Fig. 5, 
near the ideal for a digital logic device. 
More complete characteristics are given in 
the CD40107B data sheet.! 
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Fig. § — Transfer characteristics of the 
CD40107BE showing source- 
bias effect. 


PRACTICAL APPLICATIONS 


Practical applications of the CD40107B 
overlap with those of other devices in the 
COS/MOS CD4000 series, for example, with 
the logical NAND function of the CD4011 
and with the buffer function of the CD4041, 
CD4049, and CD4050. However, the appli- 
cations described in this Note are those for 
which, until now, no COS/MOS NAND 
buffer has had sufficient drive capability, in 
the hundred milliampere range. 

In the first of these applications, Fig. 6, 
two NAND buffers are each driving a 2.2- 
watt, 12-volt incandescent lamp. The cir- 
cuit is arranged as an astable oscillator with 
its period of approximately two seconds 
determined by the external capacitor and 
resistors. In this and other similar appli- 
cations the load is used as a pull-up from 
the open-drain output to a power-supply 
voltage greater than zero and equal to or 
less than Vpp. 
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Fig. 6 — A 2.2-watt incandescent lamp-driver 
Circuit. 
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The same type of astable circuit is shown 
in Fig. 7, but with a single load device, an 
LED with a current limiting resistor of 150 
ohms. The NAND buffer, as well as driving 
the load, forms part of the astable circuit, 
with one of its inputs used as an enable; 
when this input is low, the LED is perma- 
nently off. The other half of the astable 
oscillator utilizes a two-input NOR gate, 
the CD4001AE, one input of which is used 
as an inhibit. With the timing components 
shown, the astable frequency is approxi- 
mately 4 Hz. 
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Fig. 7 — LEO driver circuit. 


The NAND buffer is typically capable of 
sinking 120 milliamperes at a Vpg of | volt 
with a 10-volt supply. It therefore meets the 
typical requirements for the current-sinking 
device at the cathode terminal of a common- 
cathode LED multiplexed display circuit, 
Fig. 8. In this display circuit, data is 
presented in the form of four BCD numbers 
to be displayed on the four seven-segment 
LED’s; the clock input determines the multi- 
plexing rate. The two D-type flip flops of the 
CD4013AE or BE are arranged as a two-stage 
Johnson counter, the two Q outputs of 
which select the data transferred by the 
CD4052BE multiplexers to the CD4511BE 
decoder-driver. The same Q outputs are 
decoded by the four NAND buffers and 
used to turn on the seven-segment displays 
in the correct sequence. For example, when 
Q1 = 1 and Q2 = 0, both inputs of the 
NAND buffer marked B in Fig. 8 are high, 
and the buffer sinks current through the 
diodes of the second seven-segment display 
digit. 
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Fig. 8 ~ Multiplexed LED circuit. 


By using the two NAND buffers of a single 
eight-pin DIP in parallel, it is possible to 
interface directly from a COS/MOS system 
to a heavy-duty load typified by the com- 
puter peripheral-printer hammer solenoid of 
Fig. 9. This type of solenoid typically re- 
quires 250 milliamperes to tum on which, 
at a supply voltage, Vpp, of 12 volts, 
implies a Vpg of approximately 0.6 volt. 
To prevent excessive current flow through 
the electrostatic-protection diodes to Vpp 
at the outputs of the NAND buffers, 
in applications such as the one under dis- 
cussion, the switching of inductive loads, the 
protection diodes should be shunted with a 
low-dynamic-impedance switching diode, such 
asa IN4154. 

In many systems where COS/MOS devices 
are used for their wide operating-voltage 


Vop*ti2v 







22 
IN4154 


HAMMER 
SOLENOID 


co NTROL 
meure 92cS-26355 
CO40107BE 


Fig. 9 — Solenoid driver circuit. 


range and high noise immunity, and particu- 
larly in industrial control applications, it is 
important to be able to drive relays directly. 
Fig. 10 shows a NAND buffer driving a 
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172 CD40107BE 
Fig. 10 - Relay driver circuit. 


common type of 12-volt relay, a two-pole 
change-over type with a coil resistance of 
185 ohms. Again, a 1N4154 shunt diode 
is advisable. 

Fig. 11 shows a reversible 12-volt tape- 
recorder motor driven by two NAND buffers 
in a bridge circuit. Two p-n-p transistors 
provide an active pull-up to Vpp. 

SCR’s and triacs typically require tens of 
milliamperes of gate current, more than the 
current capability of a standard COS/MOS 
device output. The NAND buffer, however, 
is able to sink sufficient current, and in 
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Fig. 11 — Motor-controller circuit. 
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Fig. 12 is seen driving a 2N5756 triac. 
If isolation is required between the COS/MOS 
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Fig. 12 — Direct de drive interface of CD40107B8E 


with a triac. 


and triac systems, the circuit of Fig. 13 is 
used. In the figure, the NAND-buffer load 


is the primary coil of a pulse transformer 
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Fig, 13 — Interface of CD40107BE with triac, 
with COS/MOS component and triac 
isolated. 












Ty, and when 5- to 10-microsecond pulses are 
applied ata 100-Hz repetition rate to the 
COS/MOS input, sufficient current flows in 
the transformer secondary to keep the triac, 
a T2700D, turned on. The NAND-buffer 
circuits make it possible for a COS/MOS 
system to control several amperes of current 
at line voltage. 

Line driving is another application re- 
quiring large current pulses; Fig. 14 shows 
two NAND buffers driving a twisted-pair 
transmission line. Clock rates up to 8 MHz 
are readily achieved by circuits driving five 
meters of a 130-ohm line twisted at two 
turns per inch. 

One of the most important applications 
for the open-drain NAND buffer is the 
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Fig. 14 — Line-driver circuit. 
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COS/MOS to TTL interface shown in Fig. 15. 
The Vpp pin of the CD40107BE is con- 
nected to the power supply of the COS/MOS 
system, the external pull-up resistor to the 
5-volt TTL supply. The values of the pull-up 
resistor required and the number of loads 
that may be driven are shown in the table 
accompanying Fig. 15. 
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COS/MOS Electrostatic-Discharge 


Protection Networks 
by H. L. Pujol 


RCA’s two families of CMOS 
devices, the standard A series (3 to 15 
volts) and the high-voltage B series (3 to 
20 volts}, are equipped with networks to 
protect the gate oxide of the devices 
against damage resulting from discharge 
of electrostatic energy between any two 

ins. 

E The gate input of a CMOS device is 
equivalent to a small, low-leakage 
capacitor (typically 5  picofarads) in 
parallel with a very high resistance 
(typically 10!2 ohms). Because of this 
extremely high impedance which lends 
itself to the buildup of electrostatic charge, 
even a very low energy source (such as a 
static charge) is capable of developing 
voltages in the order of 80 volts, the 
typical breakdown voltage of an MOS gate 
oxide. In contrast with other semicon- 
ductor devices in which the breakdown 
can be tested any number of times without 
damage, the MOS gate oxide can be 
shorted, and the device destroyed, as the 
result of only one voltage excursion to the 
breakdown limit. 
Protection Networks 

Figs. 1 through 4 show the various 
protection networks incorporated in all 
COS/MOS product. 
Standard Protection Networks 

Fig. 1 shows the standard protection 
network incorporated in all A-series and 
some B-series devices. Input-diode D2 is a 
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Fig.1 — Standard protection network. 


distributed resistor-diode network that 
appears as two diodes to Vpp- 


Improved Protection Network 


Fig. 2 shows the improved protection 
network incorporated on all new B-series 
devices as well as on all A-series B- 
converted types. 
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Fig.2 — Improved protection network. 
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Fig.3 — Modified protection network. 
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Fig.4 — Transmission gate with intrinsic diodes 
that protect against electrostatic discharge. 


Other Protective Networks 


Fig. 3 shows the modified protective 
network for a CD4049/4050 buffer. The 
input diode to Vp is not incorporated so 
that the level-shifting function can occur. 


Equivalent-Body Discharge Network 


The protection networks described in 
this Note are evaluated and characterized 
by using the equivalent-body discharge 
network of Fig. 5. As C is increased, the 
amount of static energy dumped into the 
CMOS device increases. As R_ is 
decreased, the energy dissipated outside 
the device is reduced, thereby increasing 
the energy dissipated in the unit. A 





mercury relay is used to switch the RC 
source because such relays are fast and 
free from arcing or bouncing effects. 
Characterization of the various protection 
networks is done in 12 different com- 


binations of inputs, outputs, and 
22M 560 10 
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Fig.5 — Equivalent-body discharge network. 


polarities. The combinations include all 
combinations of any two of the following 
pins: input, Vpp, Vss. and output. 
Evaluation of a protective network 
begins with the charging of a 100- 
picofarad capacitor through a 22-megohm 
resistor and a mercury relay to the desired 
voltage. The capacitor Cy of Fig. 5 is 
then discharged through the same mer- 
cury relay and a 560-ohm resistor into the 
pins under test. Results of repetitive tests 
are used to determine the worst-case 


capability of the protective networks, 
Table I. 


TABLE I — Worst-Case Capability of 
Protective Networks 


Worst-Case 
Protective Network Capability 
Standard 
(incl. CD4049, CD4050) [kV to2kV 
Improved 4kV 
Transmission Gate <800 V 


Additional protection can be obtained 
by adding external series resistors at 
device inputs. The value of this resistance 
should be approximately 10 kilohms for 
gate inputs and 1 kilohm for transmission 
gate inputs. In addition, zener diodes at 
the output pins can clamp the voltage to a 
safe level. The zener-voltage should not 
exceed the absolute maximum rating of 
the part. On-chip protection networks are 
not used on transmission gates so that 
their low ‘‘on” resistance can be main- 
tained. The 800-volt worst-case capability 
shown in Table I is provided by the in- 
trinsic diodes shown in Fig. 4. 


The value of the input resistor on all 
protection networks, except that used in 








transmission gates, can vary between 100 
ohms and 2.5 kilohms because of circuit- 
design differences. This resistance, in 
conjunction with the capacitance of the 
gate and the associated protective diodes, 
integrates and clamps the device voltages 
to a safe level. The diagrams of Figs. 6, 7, 
and 8 demonstrate that the standard 
protection networks prevent higher than 
normal voltages from reaching the gate of 
the MOS device. In addition, the low RC 
time constant assures that circuit speed 
remains unchanged in spite of the ad- 
ditional components. 
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Fig.6 ~ Circuits used to provide protection between input pin 


and Vpp pin. 
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Because of the presence of the in- 
tegral protection network, the Vpp 
power supply must not be turned off while 
a signal from a low-impedance pulse 
generator is being applied at an input of a 
COS/MOS circuit. Should the Vpp 
supply be turned off under such con- 
ditions, the Vpp line would be essentially 
grounded, and a positive voltage from the 
pulse generator would be impressed across 
the input diode to Vpp. This voltage 
could cause permanent damage to the 
diode or burn out the Vp metallization. 
If it is expected that any input excursion 
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will exceed + Vyyp or fall below Vgg, the 
current through the input diodes should be 
limited to 10 milliamperes or less to assure 
safe operation. 
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Power- Supply Considerations 


for COS/MOS Devices 


by H.L. Pujol 


RCA COS/MOS Digital Integrated Circuits operate at 
extremely low power dissipation levels. They function 
teliably with high noise immunity over a wide operating- 
voltage range. The RCA COS/MOS product line includes a 
standard line designed to operate with voltage supplies 
from 5 to 15 volts and a low voltage “A” series line 
designed to operate from 3 to’ 15 volts. These properties 
enable system designers to operate RCA COS/MOS 
devices from unregulated, poorly-filtered supplies, or from 
a wide variety of single- or multiple-cell battery sources. 

This Note describes the salient features of COS/MOS 
devices which permit operation from such a wide range 
of power sources and provides the system designer with 
the necessary information to permit him to design the 
most economical power source for his COS/MOS system. 
This Note is applicable to both COS/MOS product lines 
mentioned above. 


REVIEW OF PERTINENT COS/MOS DEVICE 
FUNDAMENTALS 


Enhancement-Mode Device Characteristics 

The-MOS enhancement transistor is a majority-carrier 
device (See Fig. 1) in which the current in a conducting 
channel between two diffused electrodes (denoted as the 
source and the drain) is controlled (enhanced) by a 
voltage applied to a third terminal (the gate), which is 
insulated from the source and drain. 
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Fig. 1— Cross-section of COS/MOS transistor. 


In an n-type device, the majority carriers are elec- 
trons. A, positive voltage on the gate is required to 
enhance the conducting channel. For all gate voltages less 
than a threshold value (Vip), the conductivity of the 
channel is negligible and the device is said to be cut-off. 
For gate voltages greater than Vj, the channel is “en- 
hanced”, and current flow in the channel will occur if a 
suitable voltage is applied between the source and drain. 
The resultant device characteristics are shown in Fig. 2a. 
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Fig. 2a— Typical n-channel characteristics. 


ee 














The operation of the p-type device is analogous to 
that of the n-type, except that the carriers are holes, and 
the applied voltage required to enhance the channel must 
be negative rather than positive. (See Fig. 2b). 

The gate electrode for a device of either polarity is 
insulated from the body of the device; therefore, current 
flows only from source to drain in the channel, never 
from the gate into the channel. 
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Fig. 2b- Typical p-channel characteristics. 


CHARACTERISTICS OF A BASIC COS/MOS 
LOGIC INVERTER 
Quiescent Device Dissipation. 
The basic logic inverter (or gate} formed by use of 
only a p and an n-type deyice in series is shown 


schematically in Fig. 3. When the input lead is grounded 
or otherwise connected to O volts (logical “O%), the 
mdevice is cut-off, and the p-device is biased on. As a 
result, there is a low-impedance path from the output to 
Vpp, and an open circuit to ground. The resultant 
output voltage is essentially Vpp, or a logic “1”. 

Similarly, when the input voltage is a logic . Or 
Vpp. then the n-channel device becomes a low imped- 
ance, while the p-channel device becomes an open circuit. 
The resultant output becomes essentially zero volts (logic 
“0"). 

Note that one of the devices is always cut-off at 
either logic extreme, and that no current flows into the 
insulating gates. As a result, the inverter quiescent power 
dissipation is negligible (equal to the product of Vpp 
times the leakage current). 

A cross section of the COS/MOS inverter as it is 
formed in an integrated circuit on an n-type substrate is 
illustrated in Fig. !. The source-drain diffusions and the 
p-well diffusion form parasitic diodes (in addition to the 
desired transistors) at the basic inverter nodes, as shown 
in Fig. 4. These parasitic elements are back-biased (across 
the power supply) and contribute, in part, to the device 
leakage current and thus to the quiescent power 


dissipation. 
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Fig. 3— Basic COS/MOS inverter (schematic). 
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Fig. 4— Basic inverter showing parasitic diodes. 


RCA’s product line of COS/MOS devices consists of 
circuits of varying complexity (ie., from the dual 4-input 
logic gate that contain 16 MOS devices, to the more 
complex 64-bit static shift registers that contain over 
1000 devices), These devices occupy different amounts of 
silicon area and are composed of varying numbers of 
circuits formed from inverters. Consequently, each device 
in the family exhibits a particular magnitude of leakage 
current, depending upon the total effect of device count 
and parasitic diode area. For example, some logic gates 
are specified to operate with a typical power dissipation 
of 5 nW (Vpp=10V), but 7-stage counters or registers 
are specified to operate with a typical power dissipation 
of SuW (Vpp=10V). Published data includes both 
typical device quiescent-current levels and maximum levels 
(Vpp =5¥V and Vpp=10V). The maximum values are 
tarely encountered in RCA devices. 


Device — Switching Characteristics. 

The input/output characteristics for the COS/MOS 
inverter are shown in Fig. 5. As mentioned earlier the 
signal extremes at the input and output are approxi- 
mately zero volts (logic “O") and Vpp (logic “1"). The 
switching point is shown to be typically 45 to 55% of 
the magnitude of the power-supply voltage (regardless of 
the magnitude of the power-supply voltage) over the 
entire range from 3 to 15 volts (or 5 to £5 volts). Note 
the negligible change in operating point from -S5°C to + 
125°C. 

These excellent switching characteristics permit COS/ 
MOS devices to be operated reliably over a wide range of 
voltages, a property not found in other logic forms. 


AC Dissipation Characteristics. 

During the transition from a logic “O” to a logic “1”, 
both devices are momentarily on. This condition results 
in a pulse of instantaneous current being drawn from the 
power supply. The magnitude and duration of this 
current depends upon the following factors: 


(a) the impedance of the particular devices being used 
in the inverter circuit 
(b) the magnitude of the power-supply voltage 
(c) the magnitude of the individual device threshold 
voltages 
(d) the input driver rise and fall times 
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Fig. 5— Typicat COS/MOS transfer characteristics as a 
function of temperature. 
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_ An additional component of current must also be 
drawn from the power supply to charge and discharge the 
internal parasitic node capacitances and the load capaci- 
tances seen at the output. 

The device power dissipation which results from the 
above current components is a frequency-dependent para- 
meter. The more often the circuit switches, the greater is 
the resultant power dissipation. The heavier the capacitive 
loading, the greater is the resultant power dissipation. The 
power dissipation is not duty-cycle dependent. For all 


intents and purposes it may be considered frequency 
(repetition-rate) dependent. 
Because the RCA COS/MOS product line ranges 


widely in circuit complexity from device to device, the ac 
device dissipations vary widely from device to device. The 
effect of capacitive loading on the individual devices also 
varies. Figs. 6a and 6b show a family of curves for a 
typical gate device and a typical MSI device. These 
curves, from the published data for the individual devices, 
illustrate how device power dissipation varies as a 
function of frequency, supply voltage and capacitive 
loading. 


AC Performance Characteristics. 

During switching, the node capacitances, within a 
given circuit, and the load capacitances external to the 
circuit, are charged and discharged through the p- or 
n-lype device conducting channel. As the magnitude of 
Vipp increases, the impedance of the conducting channel 
decreases accordingly. This lower impedance results in a 
shorter RC time constant (this nondinear property of 
MOS devices can be observed from a close scrutiny of 
the characteristic curves in Fig. 2). The result is that the 


maximum switching frequency of a COS/MOS device in- 
creases with increasing supply voltage. (See Fig. 7a). 

Fig. 7b shows curves of propagation delay as a function 
of supply voltage for a typical gate device. However, the 
the trade-off for low supply voltage (i.e., lower output current 
to drive a load) is lower speed of operation. 

The power dissipated during switching (if the load is 
assumed to be capacitive) is equal to: 


Co vaps [power is equal to energy per unit time] 
where Cy is the output and load capacitance, Vpp is the 
supply voltage, and f is the operating frequency in hertz. A 
measure of this power dissipation as function of frequency can 
be obtained from the model shown in Figs. 8a and 8b which 
assumes step inputs and zero mode capacitance. 

The average power for the square-wave input voltage 
shown (repetition rate fg = 1/tg) is calculated as foHows: 
t, 


2 0 
1 ? ! 
wie — ] Vv Vo) de 
Pee IOV dt +7 POM Dp” Yo 
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9° ty 
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dv, 
For P with Iny(t) = Ip(t) = CoG (step inputs only), 
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| (pp — Yo) d (Vpp — Vo) 








Ypp 
2 
Cv 
- peo DD_ 2 
“Pe t =Cy Vpps 


Thus, for a step input, the average power dissipated is 
directly related to the energy required to change and dis- 
charge the circuit capacitance to the supply voltage, Vpp. It 
should be noted that this power is independent of the device 
parameters. Although this equation was derived using an input 
voltage with a rise time of zero, it has also been shown to be a 
good approximation for circuits where the input voltage rise 
and fall times are small with respect to the repetition rate. 
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Fig. 6 Typical power dissipation characteristics (a) Basic 
gate power dissipation characteristics {b) MSI device 
power dissipation characteristics. 
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Fig. 7— Operating frequency and propagation delay as a 
function of power-supply voltage (a) Maximum 
guaranteed operating frequency as a function of 
power-supply voltage (b) Propagation delay as a 
function of power-supply voltage for the besic 
gate. 
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Calculating System Power 

The foregoing material presented fundamental reasons why 
COS/MOS devices exhibit extremely low quiescent power. 
Also presented were reasons why ac power dissipation in- 
creases with operating frequency and why it varies from 
device to device. 

For these reasons certain guidelines have been developed 
to assist the designer in estimating system power. Total sys- 
tem power is equal to the sum of quiescent power and 
dynamic power. Therefore, the two-step approach outlined 
below can be used: 


1, Add up all typical package quiescent power dissipations 

(as shown in the RCA COS/MOS published data). 
Because quiescent power dissipation is equal to the 
product of quiescent device current times supply volt- 
age, this parameter may also be obtained by adding all 
typical quiescent device currents, and multiplying the 
sum by the supply voltage, Vpp. Quiescent device 
current is shown in the published data for supply volt- 
ages of 5 volts and 10 volts only. 
In cases where the supply voltage is other than that 
shown in the published data, the quiescent device cur- 
rent can be interpolated because this current varies 
approximately linearly with voltage. 





{b) 


Fig. 8— Model for the evaluation of power dissipation 
fa) Waveforms {b) Circuit. 

2. Add up all dynamic power dissipations using 
typical curves of dissipation per package as a 
function of frequency shown in the published 
data. In a fast-switching system, most of the 
power dissipation is dynamic, therefore, quiescent 
power dissipation may be neglected. 

The example below illustrates how these rules are 
used to calculate total system power dissipation. 
The system illustrated consists of ten 2-input NOR 
gates, eleven inverters, one D-type flip-flop, and 
one 7-stage binary counter. The system operates 
with a supply voltage of 10V at a frequency of 
100 kHz, and has a load capacitance of 15 pF. 
(See Table 1) 

Tablet 





Paquiescent 


Gates 
Inverters 
D-type F/F 
Counter 





Pr = Pq + PE = 4.8mW (neglecting Pq) 





This example assumes that all devices are switching at 
the clock-rate (100 kHz). Not all of the logic circuits will 
be switching states at this rate, thus, the total power 
dissipation will be significantly lower than that stated in 
the example. 
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Power-Supply Regulation Requirements. 

The preceding discussion demonstrated that COS/MOS 
devices exhibit reliable switching properties over a wide 
range of power-supply voltages. This fact implies that an 
unregulated supply may be used with the provision that 


(1) maximum voltage limits are not exceeded or 
(2) system is no greater than the speed which 
can_be supported by the COS/MOS devices operating at 


the lowest value of the Vpp expected from the unregu- 
fated supply. 


To establish the extent of the regulation required, the 
system designer must first determine the maximum 
operating frequency required. Usually, the maximum 
frequency of the system is limited by the showest 
responding devices in a logic chain. By reference to the 
curve of frequency as a function of Vpp and Cy given 
in the published data for that device, a minimum Vpp 
voltage (required for proper operation) can be deter- 
mined. Any value above this Vpp (minimum) will 
provide acceptable performance in the system. By selec- 
tion of a nominal Vpp half way between Vpp (mini- 
mum) and the 15-volt maximum rating for COS/MOS 
devices, the designer can estimate the percentage regula- 
tion required for his system to perform adequately. 

For example, the published data of the RCA 
CD4004A 7-stage binary counter shows a curve (shown in 
Fig.9) of frequency as a function of operating voltage 
for that device. For operation of this counter at 5 MHz, 
with a loading capacitance of 15pF, the minimum operat- 
ing Vpp permitted for reliable operation is 10 volts, as 
shown on the curve. 

Because the maximum Vpp is 15 volts, a half-way 
voltage of 12.5 volts should be the nominal value used. 
In this case, the maximum percentage regulation is 20%. 
If the designer desires a nominal Vpp closer to Vpp 
minimum, then better regulation is required, (for example 
in battery-operated equipment where a standard cell is 
available). 


Filtering Requirements 

Power-supply filtering requirements for COS/MOS 
systems are minimal. Two factors account for this 
Situation: (1) the low quiescent power dissipations 
involved, and (2) the fact that the peak value of the 
ripple does not go below a minimum Vpp (which 
supports the required switching frequency), so that the 
COS/MOS logic performs satisfactorily. 
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Fig. 9— Maximum frequency as a function of power. 
supply voltage for the CD4004 and CD4004A 
types. 
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This performance has been demonstrated in the 
laboratory (see Fig. 10). The amount of ripple on the 
power supply is quite high, yet the device functions 
properly. 


Typical Supplies 
The following circuits indicate some examples of 
adequate supplies for COS/MOS systems. 
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Fig. 10—Peak-to-peak ripple voltage as a function of 
frequency. 
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Fig. 11— Battery standby for COS/MOS systems. 


This system is advantageous in cases where the dc 
supply becomes open or short-circuited. 

With a low battery voltage the COS/MOS system will 
continue to function without interruption. In order to 
drive this system the battery voltage and dc supply 
voltage should relate as follows: 


Vbattery = Vmin. + 9.7V, (0.7V = one diode drop) 
Vmax. > Voc supply > Viiin, + 1.4V 


In the event the supply drops below Vmmin., the 
battery will forward bias diode D2 to form a closed- 
circuit and the COS/MOS system will continue to 
function properly through the battery. 


High DC Source 

For applications (especially in aircraft equipment) 
where the supply voltage exceeds the RCA COS/MOS 
maximum rating of Vpp, the circuit of Fig. 12 can be 
used to reduce the high supply voltage to the normal 
COS/MOS voltage range. This configuration uses a Zener 
diode, a resistor R and a capacitor C. 


The low current demand of the COS/MOS system 
permits an inexpersive but effective Zener diode 
regulator. 

Some of the design considerations are as follows: 


1. Selection of Zener Diode and Resistor R 

The amount of current that must be maintained 
through the diode (Iq) is a function of the difference 
between the worst-case average current required by the 
COS/MOS systems and the current required by the 
Zener diode for regulation based on its particular 
breakdown characteristics. 

The diode current (Ig) and the worst-case average sys- 
tem current (Igyg) determine the value of the resistor 
(R) for a particular Zener regulating voltage. 


2. Selection of Capacitance C 
Before the proper capacitance can be selected the 
following system requirements must be decided upon: 


a. Peak charge requirement. This requirement is a func- 
tion of the peak current and its pulse width. {t must 
be measured for the particular system speed and 
load capacitance. 

b. Permissible VDD minimum: As mentioned in pre- 
vious sections, this minimum voltage will determine 
the maximum operating speed of the COS/MOS 
system. — 

The size of the capacitor (C) may then be determined 


from the following formula: 


Q = Ipt (charge = peak current x pulse width) 





COS/MOS: 
SYSTEM 


Fig. 12-Circuit for interface of COS/MOS systems to 
high-voltage supply. 


SUMMARY 

This Note shows that RCA COS/MOS devices offer many 
advantages in the area of simplified power-supply require- 
ments. The wide operating voltage range (3 to 15 volts or 5 to 
15 volts) from a single supply, low power dissipation, and 
high noise immunity permit system designers to use fess ex- 
pensive, unregulated, power supplies. This wide voltage range 
makes COS/MOS logic circuits ideal for battery-operated 
equipment because a better selection of cells is feasible. 
Another advantage is the direct compatibility of COS/MOS 
devices with bipolar devices which eliminates expensive and 
power-consuming interface circuits. (See Ref. 1.) 

COS/MOS transistors show great potential for use in 
large arrays because of the low power dissipation and 
effective use of chip area. The relatively small area 
consumed by COS/MOS circuits, as well as the elimina- 
tion of area and power-consuming resistors, results in high 
circuit-density per unit-silicon-area. 

The performance features mentioned in this Note, as well 
as the reduced costs inherent in IC technology make COS/ 
MOS circuits extremely attractive in many digital systems. 

1. “Interfacing COS/MOS WITH OTHER LOGIC Families”, 

ICAN6602 by A. Havasy and M. Kutzin. 
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Noise Immunity of COS/MOS B-Series Integrated Circuits 


by T. Chesney 
R. Funk 


The excellent noise-immunity 
characteristics of COS/MOS_ (com- 
plementary-symmetry /metal-oxide- 
semiconductor) digital IC's is a 
paramount reason for their preferred and 
successful use in high-noise automotive, 
process-control, production-monitoring, 
and = similar _harsh-noise-prone —_ap- 
plications. The introduction of the RCA 
B-series COS/MOS devices furthers the 
well-known noise immunity advantages of 
the COS/MOS technology in two im- 
portant ways: 


1. Improved noise-energy immunity 
as a result of balanced low- 
impedance output circuitry in all 
RCA B-series COS/MOS devices. 


2. Standardized (EIA-JEDEC 
standards) de noise-immunity and 


noise-margin ratings covering 
buffered and unbuffered CMOS- 
logic types. 


Included in this Note are brief 
discussions of logic-system noise and 
rejection concepts, COS/MOS dc/ac 
noise-immunity specifications and 
definitions, and dc/ac_noise-immunity 
performance data for several B-series 
COS/MOS gates, inverters, and high- 
current drivers. 


Logic-System Noise Concepts 
Successful application of any digital- 
logic IC family requires consideration of 
the following: 


1. Externally or internally generated 


noise — both radiated and con- 
ducted. 
2. The inherent _ noise-immunity 


capability of the logic family 
selected. 


3. System noise-rejection measures. 
Without coordination of these three 


points, a system design may perform 
unfavorably. 


Consider first the various system or 
environmental noise generating sources. 
External system noise may include the 
noise imposed upon a logic system by 
electric motors, welders, rf transmitters, 
x-ray machines, high-current solenoids or 
relays, pulsed lasers, and circuit breakers. 
All of the preceding emit EMI (elec- 
tromagnetic interference), and many 
produce power-line or ground-path noise 
disturbance. External noise is charac- 
terized by randomly occurring high- 
energy transients that are not easily an- 
ticipated. Usually, this noise is coupled 
electromagnetically or capacitively to 
signal, supply, and ground lines. Internal 
logic-system noise is usually generated on 
logic-signal lines by capacitively coupled 
crosstalk or by fogic-switching current 
surges on supply lines or ground lines. In 
ultra-high-speed logic families such as 
ECL, reflection noise resulting from an 
impedance mismatch is also an internal 
noise problem; but because of relatively 
long output transition times of CMOS 
devices (more than 10 nanoseconds), 
reflection noise can be excluded from 
further consideration. 


Since both external and internal noise 
must be considered, logic systems must be 
designed to survive in a medium to severe 
noise environment, a fact that leads to the 
second consideration, selection of an IC 
logic family having noise-rejection 
characteristics appropriate to the appli- 
cation. As is demonstrated below by 
considerable data, B-seyies COS/MOS 
devices have good de and ac and noise- 
energy immunity characteristics. No 
matter how good the noise-rejection 
capability of a logic IC family, such as 
COS/MOS, system design measures to 
reduce noise entry into logic signal lines, 
power supply lines, and the ground are 
usually necessary to some extent. The 
methods most commonly used to minimize 
noise effects in COS/MOS logic systems 
are: 


1. Power-source line decoupling - 
Good practice suggests use of a 
small-value_ series resistor and 


zener diode and a capacitor to 
ground on each logic card or each 
50 to 100 IC's. High-voltage supply 
transients can usually be rejected 
by this simple measure. Separate 
lines should be used for logic 
circuits and power switching 
circuits. 


2. Ground-Line Noise - In a system 
in’ which many _ high-current 
switching components, such as 
motors, relays, and SCR’s are 
involved, logic grounds should be 
separated from high energy 
component grounds. The logic 
grounds should be returned to a 
common point. 


3. AC noise on system signal inputs 
60 Hz is a commonly used 
frequency reference. Raw ac power 
lines should be isolated using a 
transformer or optical coupler. 
Zener-diode limiters are also ef- 
fective. 60-Hz signals can be 
shaped by using COS/MOS Sch- 
mitt-trigger circuits. 


NOISE SPECIFICATIONS 


COS/MOS noise immunity _ is 
characterized by de specifications, ac 
noise-immunity performance, and noise- 
energy immunity performance. Each of 
these characteristics is defined below and 
supported by performance data. 


DC Specifications 


Table I shows the industry standardized 
(JEDEC) noise immunity and noise 
margin ratings, Vy, and Vyyy, for B- 
series devices. Note that separate 
specifications have been established for B 
(buffered). types and UB (unbuffered) 
types.! 

Two important noise characteristics can 
be defined by using the Vyj, and Vin 
ratings: 


1. Noise Immunity - The Viz and 
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ViH limits are the device input- 
signal _noise-immunity ratings 
which, as defined in Table II, are 
30, 30, and 27 percent, respec- 
tively, of the 5, 10, and 15-volt 
supply voltages for the B-series 
types. Percentages are lower for 
unbuffered gates, as shown in 
Table II. The Vyy and Vyq 
ratings define the maximum 
permissible additive noise voltages 
at an input terminal when input 
signals are 50 millivolts off the 
supply rails. 


Noise Margin - The difference 
between Vy,, and Vo or Vyy and 
Vo is the device noise-margin 
voltage for the noninverting case. 
Table II designates the B and UB 
noise-margin voltages. Noise 
margin voltage is defined as that 
noise voltage that can be impressed 
upon VyQN at any (or all} logic I/O 
terminals without upsetting the 
logic or causing any output to 
exceed the VQ ratings of Table I. 


Table | — B-Series 


Of the two COS/MOS dc_ noise 
definitions, immunity and margin, RCA 
prefers the noise-immunity specification 
as the more practical COS/MOS system 
definition because CMOS outputs are 
normally 50 millivolts off the rails. 


However, designers familiar with TTL 
may prefer to use the noise-margin voltage 
for system analysis. 


AC Noise Immunity 


COS/MOS ac noise immunity takes 
into account both the device switching 
threshold (dc noise immunity) and the 
noise-pulse width. The latter is affected 
primarily by the COS/MOS IC band- 
width, especially output transition times. 
Fig. 1 shows the usual COS/MOS noise- 
voltage amplitude, V,, as a function of 
noise-pulse-width characteristic, ty 


Because noise pulses are narrow compared 
with device output transition time, noise- 
voltage rejection is high. As the pulse 


DC Noise Immunity and 


Noise Margin (Ta = 25°C} 


Characteristics 


input Low Voltage 
ViL max. 


B types 


UB types 


Input High Voltage 
ViH min. 
B types 


UB types 





Vo 
) ee 


0.5/4.5 
1/9 10 
1.5/13.5}{ 15 


0.5/4.5 
1/9 i 
1.6/13.5| 15 


0.5/4.5 
1/9 
1.5/13.5 
0.5/4.5 
1/9 
1.5/13.5 


Table II — B-Series Noise Immunity. and Noise Margin 
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widths approach the IC bandwidth, the 
curve flattens out at the device switching- 
threshold voltage. AC  noise-voltage 
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Fig. 1 
curve. 


Generic ac noise-immunity 


immunity curves, such as those in Fig. 1, 
are applicable to: 


- Positive noise pulses on signal lines 
in the 0 state. 

- Negative noise pulses on signal lines 
in the | state. 


- Positive noise pulses on the ground 
terminal. 

- Negative noise pulses on the positive 
supply terminal. 


Curves of this type indicate the frequency 
(as defined by noise-pulse characteristics) 
at which the user has satisfactory de noise 
performance. The curves are especially 
useful in calculating typical noise-energy 
performance, a parameter that takes into 
account the circuit impedance. 


Noise-Energy Immunity 


Noise-energy immunity takes into 
account the pulse width and the circuit 
impedance at the point where the noise is 
introduced. Noise-energy immunity, E, 
in nanojoules, is calculated as follows: 


where En is noise-energy immunity in 
nanojoules, V;}, is the device switching- 
voltage threshold for a given noise-pulse 
width, ty is the noise-voltage pulse width 
in nanoseconds, and Ro is the impedance 
to ground in ohms at the point of noise 
entry. Rg is usually the output resistance 
of the COS/MOS device. 


By using values of V and tp obtained 
from the curve of Fig. 1, the noise-energy 
immunity curve of Fig. 2 is generated for a 











given value of Rg. A comparison of Figs. 
1 and 2 shows that the minimum values of 
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Fig. 2 Generic noise-energy- 


immunity curve. 


noise-energy immunity occur at an input- 
noise pulse width for which the noise- 
voltage amplitude of Fig. 1 begins to 
approach the dc noise-immunity or 
threshold voltage of a device. The 
minimum noise-energy immunity is the 
basis for the calculations and comparisons 
involving most IC families. 


NOISE-IMMUNITY TEST DATA 
DC Noise-I mmunity Test Data 


CMOS dc noise-immunity performance 
is obtained by plotting the voltage-transfer 
characteristic of a CMOS gate, inverter, 
or buffer. Figs. 3 and 4 show the voltage- 
transfer characteristics of the CD4001B, a 
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Fig. 3 CD4001B 
characteristic. 


voltage transfer 


buffered, quad 2-input NOR gate, and the 
CD4001UB, an unbuffered version of the 
same gate. Comparison of Figs. 3 and 4 
and Table I indicates that the values of 
VIL and Vy for these devices are well 
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Fig. 4 CD4001UB voltage transfer 
characteristic. 


within the standard JEDEC 
specifications. The Vyz, and Vyqzq values 
for any typical COS/MOS device indicate 
a typical de noise immunity close to 50 
percent of the supply voltage, a 
paramount advantage of CMOS logic 
devices over TTL, ECL, PMOS, and 
NMOS logic devices. 


AC Noise-Immunity Test Data 


Fig. 5 shows the test circuit used in the 
evaluation of the ac noise immunity of B- 
series COS/MOS devices. The criterion 
used is the triggering of a typical 
CD4013B flip-flop at the clock input. The 
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Fig. 5 Test circuit used in the 
evaluation of B-series COS/MOS devices. 


circuit of Fig. 5 accounts for typical 
CMOS loading factors and generally 
reflects the ac noise performance of typical 
B-series devices. The device types used in 
the evaluation include the following: 


CD4001UB unbuffered quad 2- 
input NOR gate, 
CD4001B buffered quad 2-input 


2-input NOR gate, 
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CD4011UB_—s unbuffered quad 2- 
input NAND gate, 

CD4069UB hex inverter, 
CD4049UB _shex inverting buffer. 


The above list includes the most 
commonly used COS/MOS gates, in- 
verters, and buffered devices. The ac 
noise-immunity characteristics of the 
buffered NOR gate (CD4001B) reflect the 
noise-immunity performance of buffered 
CMOS products of all descriptions. 


SIGNAL-LINE OR EXTERNAL 
NOISE IMMUNITY 


The following analysis was used to 
determine the immunity of a COS/MOS 
gate to noise on the input line at both the 0 
(low-level) and 1 (high-level) logic states. 


0-State Analysis 
The signal-line noise immunity of 
COS/MOS gates and inverters was 


evaluated by means of the test circuit 
shown in Fig. 6. The COS/MOS units 
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Fig. 6 Test circuit used to evaluate 
signal-line noise immunity of COS/MOS 
gates and inverters. 
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tested were the CD4001UB, CD4001B, 
CD40110B, CD4049UB, and 
CD4069UB. Fig. 7 shows the results 
obtained. The test circuit is designed to 
measure the voltage required at the input 
of the unit under test to trigger a CD4013 
flip-flop. 


During test, a positive-going noise pulse 
is introduced into the signal line of the unit 
under test. At some voltage level, 
depending on the width of the pulse and 
the gate thresholds, this pulse causes the 
flip-flop to be clocked via the CD4001B 
gate. This voltage level defines the per- 
missible input range for a logical 0. 
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(c) CD4049UB, CD4069UB 


Ta = 25° 
Results of 0-state signal-line 
noise-immunity tests. 


Fig. 7 


A de analysis of the transfer charac- 
teristics of the components included in the 
test setup can also be used to determine 
the noise level required to clock the flip 
flop. Fig. 8(a) shows that a signal of 4.15 
volts is required at the input to the 
CD4001B gate to produce an output of 4.5 
volts at a supply voltage, Vpp, of 10 
volts. Fig. 8(b} shows that an input of 5.25 
volts is required to trigger the CD4013 
flip-flop at a supply voltage, Vp, of 10 
volts. All measured values shown in Fig. 8 
were obtained from measurements on 
gates that have typical threshold- 
switching characteristics. 
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(b) CD4013B 
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(c) cpao49uB = Ta = 25°C. 


Fig. 8 Transfer characteristics of 
components used in the circuit of Fig. 6. 


Careful analysis of the ac noise curves of 
Fig. 7(c} (for the CD4049UB) for 0-state 
signal-line noise shows a voltage-pedestal 
effect occurring at noise pulse widths 
associated with the noise-threshold region 
of the units under test. A comparison of 
the voltage-transfer curves of Fig. 8(c) 
with the dynamic input capacitance curves 
for the CD4049UB, Fig. 9, reveals that 
this pedestal effect occurs in the same 
region as the peak Miller input 
capacitance, where the inverter is in its 
maximum linear-gain region. Most 0- and 
1-state noise-voltage characteristics curves 
in this Note exhibit this pedestal effect to 
some degree. 
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Fig. 9 Dynamic input capacitance 
curves for the CD4049UB. Ta = 25°C. 


1-STATE ANALYSIS 


Fig. 10 shows the test arrangement used 
and Fig. 11 the results obtained from 
noise-immunity measurements on the 
COS/MOS logic gates and inverters 
identified above when the input is high 
and a negative-going pulse is superim- 
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Fig. 10 Test circuit used to measure 
noise immunity of COS/MOS logic gates 
and inverters when the input is high and a 
negative-going pulse is superimposed on 
the signal line. 
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(c) CD4049UB, CD4069UB 
Ta = 25°C. 
Fig. 11 Results of 1-state signal-line 
noise-immunity test. 


POWER-SUPPLY NOISE IMMUNITY 


The test configuration shown in Fig. 12 
measures the ability of test units to 
withstand a negative-going noise pulse 
superimposed on the supply line without a 
change in state; Fig. 13 shows results of 
tests. A pulse of sufficient amplitude 
causes the output of the gate to decrease so 
that, at some point, the CD4013B flip-flop 
is triggered from the rising voltage at the 
output of the driving inverter stage. 


It should be noted that two power 
supplies are used in the arrangement of 
Fig. 12. An equivalent resistor or inductor 
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Fig. 12 Test circuit used to measure 
the ability of test units to withstand a 
negative-going noise pulse on the supply 
line without a change in state. 
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Ta = 25°C. 


Fig. 13 Power-line noise immunity: 
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for simulating contact resistance and lead 
length is used in the Vpp line of the unit 
under test. Without this resistance the test 
unit will not react to the noise pulse. 


GROUND-NOISE IMMUNITY 


Noise on the power line may be ef- 
fectively reduced or eliminated by the use 
of decoupling capacitors; however, 
ground-line noise cannot be reduced so 
easily and, therefore, is more ob- 
jectionable. Fig. 14 shows the test circuit 
used to measure the ground-line noise 
immunity of COS/MOS gates and in- 
verters; Fig. 15 shows curves of the results 
obtained. Again, the units under test 
would not react to the noise unless a 25- 
ohm resistor or small inductor simulating 
lead length or contact resistance were 
placed to ground. 
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Fig. 14 Circuit used to 
ground-line noise immunity. 


measure 


CROSSTALK NOISE IMMUNITY 


A test circuit used to evaluate crosstalk 
is shown in Fig. 16. A noise pulse from a 
pulse generator is coupled to the signal 
line of the gate or inverter through a 
capacitor. The noise voltage necessary to 
trigger the flip-flop is then measured for 
different values of capacitance under high 
and low input conditions. Fig. 17 shows 
the effect of capacitance on the inputs of 
the units under test. 


The circuit shown in Fig. 18 more 
closely approximates crosstalk caused by 
adjacent signal lines. The response of the 
test circuit to a noise pulse may be ex- 
plained by analysis of the response of a 
high-pass RC circuit to a ramp input of V; 
= «t, where « is the coefficient of 
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Fig. 16 Circuit for measuring noise 
voltage as a function of coupling 
capacitance. 
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Effect of coupling capacitance ‘on the inputs 
of the units under test (Ta = 25°C). 
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coupling and t is rise time, 10 to 90 per- 
cent. The output voltage VQ may be 
expressed by the following equation: 


Vo = @RC (1-e~t/RCy (1) 


The equivalent circuit for the part of the 
test configuration used in this analysis is 
shown in Fig. 19. On the basis of this 
equivalent circuit, Eq. (1) may be 
rewritten as follows: (2) 


Vo max = & (Zo Il Zn C [(1-e8/2Z611Z;,.) C] 


If V; is assumed to be « t during the 
period in which the output voltage 
switches from 10 to 90 percent of its total 
value, this change in output voltage can be 
expressed as follows: 


Vi (Zo Il Zin} C 


dVo max + t 


*[ie V2 ZZ.) C] (3) 


The results of this analysis may be applied 
to the various crosstalk waveforms ob- 
tained. 





e2cs-2036t 


Fig. 18 Circuit closely approximating 
conditions for crosstalk on adjacent signal 
lines. 





pacs- 20362 


Fig. 19 Equivalent circuit used in 
crosstalk analysis of test configuration 
shown in Fig. 18. 


Crosstalk measurements that simulate 
actual operation are made by use of the 
test circuits shown in Figs. 20 and 21. The 


circuit of Fig. 20 simulates a round-cable 
system and Fig. 21 a ribbon-cable system. 


In Fig. 20, a sense line is placed tightly 
within five surrounding wires (No. 22 
gauge) to form a 6-foot-long cable with a 
capacitance of 18 picofarads per foot 
(determined by measurement). 
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Fig. 20 Circuit simulating a round- 
cable system. 


In Fig. 21, a sense line is placed bet- 
ween two adjacent driving lines (No. 22 
gauge) of a 6-foot-long ribbou cable with a 
capacitance of 16 picofarads per foot 
(determined by measurement). 





90 pF 762 in, 
W739 F/I tt. 


oxen 29966 


Fig. 21 Circuit simulating a ribbon- 
cable system. 


The results of crosstalk are shown in the 
photographs of Figs. 22 and 23 for round 
cable and ribbon cable, respectively. The 
crosstalk was insufficient to trigger the 
CD4013B under all conditions of the 
circuits of Figs. 20 and 21. 
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Fig. 22 Crosstalk in the round-cable 


system. 


NOISE-ENERGY -IMMUNITY 
PERFORMANCE DATA 


Table III shows computed values of 
noise-energy immunity for the gate, in- 
verter, and buffer types identified above. 
Noise pulse width, tp, and noise threshold 
voltage, Wy, data were obtained directly 
from the I and 0 signal-input ac noise- 
immunity test curves presented earlier in 
this Note, Figs. 7 and 11. Values of Ry are 
typical output impedances for the 
CD4001B driving gate used in obtaining 
the curves. Fig. 24 is a plot of high- and 
low-input state noise-energy immunity for 
the CD4001B gate as a function of input 
pulse width. These curves show that noise- 
energy immunity is high for noise band- 
widths that exceed the speed capability of 
the device, and a minimum of ap- 
proximately 1.3 nanojoules where the 
noise-pulse width (50 to 100 nanoseconds) 
approximates the device output transition 
time. Noise-threshold energy increases 
steadily with greater pulse widths. 
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Table [II — Typical Values: of Noise-Energy Immunity. 
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Fig. 23 Crosstalk in the ribbon-cable system. 
low-level noise-immunity for the 
CONCLUSIONS ONE ae MOMs uty 
Sa . CD4049UB buffer is slightly lower 
The noise-immunity test data 


demonstrates the high noise immunity of 
COS/MOS digital integrated circuits. 
Typical ac noise-voltage immunity for an 
unbuffered gate is 2 volts for a 5-volt 
supply, 5 volts for a 10-volt supply, and 7 
volts for a 15-volt supply. As expected, the 
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because of the lower effective input 
threshold of the large NMOS transistor 
used. 

Of paramount interest is the good noise- 
energy performance of approximately 1.3 
nanojoules for B-series gates, which is 
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Fig. 24 High- and low-input state 
noise-energy immunity for the CD4001B 
gate as a function of input pulse width. 
Ta = 25°C, 

comparable to the performance of bipolar 
TTL gates at 5 volts despite their much 
higher output drive current. At operation 
above 5 volts, the noise-energy immunity 
of COS/MOS devices ranges up to 20 
nanojoules at 15 volts, far exceeding the 
noise-energy immunity of TTL. This 
improved noise immunity makes CMOS 
logic devices far more economical to use in 
high-noise automotive and _ industrial 
control environments than TTL devices. 
This noise-rejection capability exceeds 
even that of bipolar high-threshold logic, 
which has only approximately 5 
nanojoules of noise-energy rejection in the 
high logic-input state. 


The good inherent noise immunity 
provided by COS/MOS devices leads to 
design economy, and complements the 
accompanying benefits of COS/MOS: 
low-cost, medium- to high-speed 
operation, wide operating voltage range, 
good temperature stability, wide selection 
of SSI, MSI, and LSI device types, etc. 
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Interfacing Analog and Digital 
Displays with CMOS Integrated Circuits 


by J. E. Gillberg 


Many forms of displays are available for 
interfacing digital and analog information 
from electronic circuits with the individual 
end user. The display choice generally 
takes into consideration not only technical 
feasibility but also visual impact and often 
aesthetic appeal. Until recently, the 
analog display, primarily motors (both 
synchronous and stepper) with gears, 
hands, or drums, has been the most widely 
used. At present, however, new 
developments are making the digital 
display the more dominant method. 


This Note describes some of the 
COS/MOS integrated circuits most 
suitable for interfacing the electronic 
circuit and the display. In the case of 
digital displays, it describes basic display 
operation to help simplify the equipment 
designer’s task in selecting both the most 
appropriate display and the most suitable 
interfacing device. 


Analog Display Drivers 


Analog displays are usually driven from 
either a synchronous motor or a stepper 
motor. The synchronous motor receives an 
incoming signal at a frequency of ap- 
proximately 60 Hz and continuously 
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rotates at that frequency. The stepper 
motor receives an incoming signal at about 
0.5 to 2 Hz and rotates only during the 
active pulse interval. The stepper motor 
gives the effect of a non-continuous 
movement of the motor or wheel. 


One of the major users of digital circuits 
with analog displays is the timekeeping 
market. This market has continued to use 
analog displays because of the many basic 
advantages of the familiar clock or watch 
face with moving hands. These ad- 
vantages include low cost, high reliability, 
simplified electronics, familiarity of 
display mode, and low current drain. 


A number of IC’s are available for 
interfacing the electronic clock circuitry 
and the analog display. An excellent 
example is the CD4045, a COS/MOS 21- 
Stage Counter. As shown in Fig. 1, this 
device can be used in timing applications 
not only to generate the crystal oscillator 
output, but also, because of its output 
current capability, to directly drive a 
stepper motor. Fig. 2 gives curves 
illustrating the current capabilities of the 
CD4045. 

One method of reducing the current 
drain of a stepper motor is to terminate the 
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Fig. 1 - CD4045, COS/MOS 21-stage counter, 
used to generate crystal oscillator output and to 
drive stepper motor. 
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Fig. 2 - Typical output n-channel and p- 
channel drain chgracteristics of the CD 4045. 
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incoming pulse at the precise moment the 
armature achieves enough momentum to 
rotate to the next position without any 
additional current. The Low-Voltage 
COS/MOS Analog Timepiece Circuit 
CD22010E has the capability of detecting, 
as shown in Fig. 3, when no additional 
current is required by the motor. It 
operates as follows. At the beginning of 
the output pulse because the load is in- 
ductive no current will immediately flow 
(V = L di/dt) and the voltage at the 
output will be at ground, as shown in Fig. 
4 at ty. After time, the current will begin 
to flow into the pull-down n-channel 
transistor of the CD22010E. This current 
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Fig. 3 - CD22010E, a low-voltage COS/MOS 
analog timepiece circuit, used to detect status 
of stepper motor current. 
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Fig. 4 - Nominal output pulse of stepper 
motor. 


flow raises the output voltage until the 
motor begins to rotate and cause a back 
electro-motive force thereby reducing the 
voltage at the output. Once the motor has 
achieved enough momentum to move on 
its own inertia, however, any added 
current again raises the output voltage. 
The time interval from t, to tg in Fig. 4 is 
the nominal output pulse. Time t] in- 
dicates the end of an internal activation 
period after which any rising edge on the 
output will trigger internal circuitry to 
terminate the pulse width, thus saving 
battery current. 


The battery-operated wall clock is one 
of the major areas for analog displays 
primarily because of the low-voltage (1.5 
to 3.0 V typical) and low-current (60 A 
typical) operation. A number of display 
interface circuits are available for this 
application. The most suitable depends 
upon the type motor and the voltage being 
used. Several of these circuits are 
illustrated in Fig. 5. In Fig. 5S(c), the 
capacitor Cp increases the maximum 
pulse or spike current supplied to the 
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MOTOR STANDARD BRIDGE CIRCUIT 


Fig. 5 - Typical motor interface circuits for 


analog watch or wall clock circuits. 
motor. The value of this added capacitor 
is typically between 1 and 10 microfarads 
and is dependent upon the frequency of 
operation. 


Many integrated circuits are available 
from RCA that can be used to interface an 
analog high-current-drive display. Table I 
lists several of these devices. For technical 
data on these devices see the RCA IN- 
TEGRATED CIRCUITS DATABOOK 
SSD-250 or the technical data sheet for the 
specific device. 


Digital Display Systems 


With the development of MSI and LSI, 
digital displays emerged as an important 
method of information transfer and many 
new display systems appeared. The most 
popular or promising types of digital 
displays are listed in Table IT along witha 
brief summary of their major advantages 
and disadvantages. In the following 
material each display system is discussed 
with the emphasis on adaptability to 
interfacing electronic circuitry. 


Liquid Crystal Displays 


The most important advantage of the 
liquid crystal display is its very low power 
consumption, typically 50 microwatts per 
character. The reason for this low power 
consumption is that the liquid crystal 
display does not generate or emit light, but 
controls reflected or transmitted light 
generated elsewhere. 


The liquid crystal display device 
consists of a layer of liquid crystal material 
sealed between two conductive-coated 
glass plates. The liquid crystals are fluids 
having molecule alignment characteristics 
very similar to those of solid crystals. The 
alignment of the molecules can be changed 
by the application of an ac signal. This 
change in alignment can produce image 
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patterns determined by the physical 
construction of the device. Electrical 
contact is made to the liquid crystal by 
means of a transparent conductor. 
Because the image pattern depends upon 
molecular alignment, the direction which 
light strikes the liquid crystal is very 
critical. As a result, light polarizers are 
attached to the front and back to control 
whether the display is dark on a light 
background or light on a dark 
background. Fig. 6 shows the sandwich- 
type construction and the arrows illustrate 
the molecular polarization of a liquid 
crystal material resulting from an ac field. 


There are two basic types of LCD’s: 
dynamic scattering devices and field-effect 
devices. When an ac field is applied to a 
dynamic scattering liquid crystal, the 
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Fig. 6 - Basic operation of field-effect type 


liquid crystal device 


alignment and major elements. 


Table I — Analog-Display Driver and Counter COS/MOS Integrated Circuits 


Freq. Description 


32kHz_Portescap stepping-motor drive, 
with pulse-width control (1 Hz) 
SOS stepping-motor drive 


(2 Hz push-pull) 


4 MHz 


4MHz Quartz analog auto clock 
(0.5 Hz push-pull) 

Quartz analog auto clock 
(64 Hz push-pull) 

Quartz analog clock (60 Hz) 
Quartz analog auto clock 
(30 Hz push-pull) 


3 MHz 


4 MHz 
2 MHz 


Universal industrial timer 


Table HI — Digital Display Technologies 


Type Family Package Volts 
Dev. No. 
Clocks 
CD22010E TA6656 8-DIP 1.5 
CD22011E TA10294 8-DIP 1.5 
Auto Clocks 
CD22012E TA6489 14-DIP 12 
CD22013E TAI0176 8-DIP 12 
CD22014E TA6817 8-DIP 12 
CD22015SE TAI0177 8-DIP 12 
Industrial Timers 
CD22017E 16-DIP 10 
Type Advantage 


Liquid Crystal 
Light-emitting diode 


Gas discharge Easily read 
Fluorescent Low segment current, low cost 
Incandescent Brightness, low cost 
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Low power, low voltage 
Low cost, simple interface 


Disadvantage 
AC signal — difficult to multiplex 
High current, visibility 
High voltage 
High filament current /fragile 
High current 


showing molecule 


molecules which are normally aligned, 
and hence transparent, are rearranged to 
scatter any available light, and the display 
becomes opaque. The field-effect type 
displays a visual change when the 
molecule alignment is rotated from one 
plane to another, as illustrated in Fig. 6. 
The field-effect liquid-crystal device has 
become the more popular display. 


Two kinds of liquid-crystal devices are 
available in either the dynamic-scattering 
or field-effect cateogry: reflective and 
transmissive. The only difference is that 
for the former, reflective material is added 
to the back of the display to reflect the 
light entering the front. This type is well- 
suited for applications where substantial 


ambient light is available. In applications 
where the ambient light is small, the 
transmissive display could be used with 
some form of back lighting. 


Liquid-crystal devices require an ac 
drive signal having no dc component. A de 
component can cause an electrolysis 
plating action which can eventually 
damage the display. For field-effect 
displays, this drive signal may be from 2 to 
10 volts at 60 to 10,000 hertz; for dynamic- 
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scattering devices, the signal may be from 
7 to 30 volts at 20 to 400 hertz. 


When a liquid-crystal segment is ac- 
tivated by a drive signal, the phase 
relation between it and the transparent 
electrode applied to the glass backplane is 
180° and a visual display results. When no 
drive signal is applied to the segment, the 
backplane and segment are in phase and 
the visual display is off. 


The usual method of activating a 
segment is to apply a square wave which is 
out of phase with the square wave applied 
to the common backplane. As shown in 
Fig. 7, when the segment square wave is in 
phase with the back-plane square wave, 
the segment is not activated. By the use of 
a square wave for both the common 
(backplane) and the selected segment 
drive signal, the effective dc voltage across 
the display is always zero regardless of 
whether the display is activated or not. 


Liquid crystals offer the important 
advantages of requiring very little power 
and low voltage. Their disadvantages are: 


1. Because they need an ac signal for 
operation, multiplexing is difficult. 

2. They need good ambient light or 
back lighting. 

3. They have a limited operating 
temperature range: -20 to 60 or 


85°C. 

4. Their cost in relation to other 
displays is high. 

5. Their response time is slow: 100 to 
300 milliseconds. 


RCA offers several display drivers for 
liquid crystal devices: the CD4054, a 4- 
segment display driver; the CD4055, a 
BCD-to-7-segment decoder/driver with 
“display frequency” output; and the 
CD4056, a BCD-to-7-segment 
decoder/driver with strobed-latch func- 
tion. These devices have level-shifting 
capability for interfacing low-voltage logic 
signals to higher-voltage display signals. 
In addition, a full line of direct drive LCD 
watch chips is available. 
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Light-Emitting Diodes 


The light-emitting diode (LED) has also 
received wide acceptance as a digital 
display in the last several years because of 
its low-voltage operation, long life, ease of 
multiplexing, high reliability, and fast 
response time. An LED is a semicon- 
ductor diode composed of a p-n junction. 
In forward-biased operation, because of 
recombination of holes and electrons, the 
diodes radiate a colored light in a narrow 
spectrum. LED displays are normally 
constructed of either gallium phosphide 
(GaP) or gallium arsenide phosphide 
(GaAsP) semiconductor material. Both 
types of LED displays have approximately 
equal advantages and disadvantages. The 
GaAsP type, however, is more prevalent 
for red displays. The forward drop is 
approximately 1.6 volts for GaAsP diodes 
and 2.1 volts for GaP diodes. Two con- 
figurations of LED are available: common 
anode (requiring sink current) and 
common cathode (requiring source 
current). Fig. 8 illustrates both types of 
device. 


Any single LED segment is electrically 
the same as any conventional solid-state 
diode although the LED does have a 
slightly higher forward voltage drop. Once 
the forward voltage reaches approximately 
1.6 volts, the current which up to that 
point has been very small increases 
rapidly, A typical GaAsP LED needs 
approximately 5 to 30 milliamperes for a 
reasonable amount of brightness. If 
current continues to increase, the LED 
will reach a light saturation mode at 
approximately 100 to 150 milliamperes. At 
this point any increase in current will not 
increase the amount of light generated. 
Because the efficiency is greater for higher 
currents and the electrical and light output 
rise times are in nanoseconds, LED’s are 
well suited for multiplexed or pulsed 
output drive. Pulsed output drive can also 
decrease the total amount of power 
required to achieve a given brightness by 
as much as 30 per cent. 
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As an example, consider the design of a 
four-digit multiplexed LED display 
system to interface with a four-digit in- 
formation storage device. The LED needs 
an average of 6 milliamperes of current to 
achieve the desired brightness. Because 
there are four digits, the multiplexed 
signal requires a 25 per cent duty cycle. 
The peak current, therefore, must be 4x 6 
milliamperes to achieve the 6-milliampere 
average current. The CD4511 BCD-to-. 
seven-segment latch decoder driver is 
designed with emitter-follower n-p-n 
bipolar outputs and is therefore able to 
supply the needed peak current of 24 
milliamperes. The digit driver must be 
able to sink a peak current of 7 x 24 or 168 
milliamperes when all segments are turned 
on. Many available discrete or integrated 
bipolar devices can meet this requirement. 
Fig. 9 illustrates a suitable circuit. This 
circuit uses a CD4511, a BCD-to-7- 
segment latch decoder driver; CD4052’s, 
differential four-channel multiplexers; 
CD4094’s, eight-stage shift-and-store bus 
registers; and CD4011 NAND gates. 

The multiplexing digit signal, which 
can also be used to clock a counter to 
control the CD4052, can be derived by use 
of a CD4017 as shown in Fig. 10. The 
CD4017 is a counter/divider having ten 
decoded outputs. The number of digits 
multiplexed can be increased beyond four 
by taking the digit drive from a higher 
output on the CD4017. The output should 
be N + 1 where N equals the number of 
digits to be multiplexed. The CD4017 
must be interfaced to a bipolar driver to be 
able to sink or source the current needed 
by each digit (168 milliamperes). 


Fig. 11 shows a typical digit driving 
circuit. The calculation of the value of 
resistor Ry can be made as follows: 

Let 6 = the gain of the transistor 
then BI, = 168 mA 

orl, z 168/68 mA 


Once YPD is established, a given V 
can be taken from Fig. 11b for current 1 


Therefore, Ry = (Vpg - 0.7)/Iy 
kilohms 
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Fig. 7 - Timing diagram of liquid crystal 

Fig. 8 - Common cathode and common anode 
light-emitting diode configurations. 
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element voltages showing how segments are 
activated by square waves to avoid damaging 
effects of a dc component. 
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Fig. 9 - Interfacing of four-digit multiplexed 
LED display system with a four-digit in- 
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Fig. 10 - Use of CD4017, a counter/divider 

having ten decoded outputs, to provide the 

multiplexing digit signal. 
optical filter in front of the LED. This 
filter increases the contrast ratio of the 
LED display and makes it easier to read in 
any ambient light. 


formation storage device. 






OUTPUT LOW (SINK) CURRENT Up? —mA 


5 oO 16 
DRAIN-TO- SOURCE VOLTAGE (Vps)—V 
(b) 92cs -24319R1 
Fig. 11 - Typical digit driving circuit and 
minimum output n-channel drain charac- 
teristic used for calculating value of resistor 
Rl. 


Fig. 12 shows the segment and digit 
drive. Resistor Ro is necessary to avoid 
current ‘‘hogging” in the LED segments. 
The value of Rg is calculated from the 
curves in Fig. 13 showing output current 
as a function of output voltage for the 
CD4511B and from the information 
supplied with the LED. 


Let Ig = peak current in segment 


VOUT = voltage out of the CD4511B 
from Fig. 13 at the Vpp being 


used in the system 

Vp = voltage across LED segment for 
required brightness 

VcE = voltage across digit driver 
transistor 

Then, 

Ypp - Vout + Vp + VcE 
ag 


In this example 


- Vpp - ‘Vout + Vp + VceE) 
9 = 


24mA 
kilohms 
If the value chosen for Rg is too low, 
uneven segment lighting can occur. 
Resistor Ro, therefore, should be as large 
as possible. 

One major drawback to the use of LED 
displays is that the contrast ratio of the 
display is very low in bright light. The 
easiest means of correction is to place an 
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Fig. 12 - Segment and digit drive circuit for 
LED. 
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Fig. 13 - Typical voltage drop (V pp to output) 
vs. output source current as a function of 
supply for the CD4511. 


Gas-Discharge Displays 


Gas-discharge or cold-cathode displays 
are available in both seven-segment and 
one-of-ten decoded displays. The one-of- 
ten decoded displays operate by energizing 
one of a series of stacked cathodes each in 
the shape of the numeral to be displayed. 
This stacked arrangement causes some 
viewing problems because the different 
numbers appear to move in or out within 
the display. A CD4028 BCD-to-decimal 
decoder could be used for the one-of-ten- 
decoding necessary for this type of device. 
The seven-segment decoded gas-discharge 
displays operate in a very similar manner 
to the seven-segment LED displays 
mentioned earlier. 


One disadvantage of gas-discharge 
displays is the high potential needed to 
activate the display. Typically, a voltage 
between 80 and 200 volts is necessary to 
cause ionization of the enclosed gas. Once 
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Fig. 14 - Basic series and shunt circuits for 
multiplexing gas-discharge displays. 


ionization takes place, the cathode glows a 
dull red or orange-like color. In 
multiplexing these devices, care must be 
taken to make sure that segments 
energized for one digit are completely 
deionized before the next digit is ac- 
tivated. 


For multiplexing gas-discharge 
displays, either the shunt or the series 
method can be used. See Fig. 14. The 


series method has the advantage of lower - 


power dissipation, but it requires that the 
switching transistor have higher voltage 
and lower leakage than the shunt method 
requires. Fig. 15 illustrates the 
multiplexing of a one-of-ten gas-discharge 
display. Because of diode D1, the 
oscillator using the CD4011 produces a 
non-symmetrical output having an off 
period long enough to assure that all 
characters are deionized. 

Fluorescent Displays 


The fluorescent display, like the LED, 
is a seven-segment device. Its operation is 
similar to that of a vacuum tube. The 
major difference is that the anode of the 
display has a phosphorescent coating 
which when struck by an electron beam 
emits blue-green light. Because this light 
is of a very wide spectrum, it can be 
filtered with little loss of display 


to 25 volts from anode to cathode is 
typically used to accelerate electrons 
emitted from the cathode. When the 
cathode is activated, the current flow is 
approximately 0.5 to 2 milliamperes 
depending upon the type of display. 

The potentials of the anode, grid, and 
filament are crucial in the operation of the 
fluorescent display. The potential of the 
filament in the fluorescent display must be 
directly related to both the grid and anode 
voltages because the filament is acting 
both as a heater and as the cathode of the 
display. The potential at which the 
electrons are emitted from the cathode or 
filament, therefore, is critical in deter- 
mining whether or not those electrons are 
accelerated toward the phosphor-coated 
anode. 

Advantages of fluorescent display 
systems include low power, low cost, ease 
of multiplexing, and ease of interfacing to 
integrated circuits. A disadvantage is that 
they are more fragile than many other 
forms of display because they require an 
evacuated envelope. 

A typical circuit for driving a 
fluorescent display is given in Fig. 16. The 
display segments are connected to the 
anodes of the display device and can be 
driven directly from any COS/MOS High- 
Voltage B-Series Integrated Circuit at 
about 20 volts. In many _ instances, 
however, the control logic for the in- 
formation being displayed is operating at a 
voltage lower than the 20-volt display 
supply. In these cases, the CD40109B 
Quad Low-to-High Voltage Level Shifter 
can be used to interface the device. 

In a multiplexed system, the grid or 
cathode of the fluorescent display device 
operates in a manner equivalent to the 
digit drive on LED devices. A typical grid 
voltage value necessary to activate the 
display is 10 volts. If a system is operating 
below 10 volts, it may be necessary to shift 
the voltage levels of both the segment and 
the digit information. 
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In an unmultiplexed system, the grid 
voltage should always be enabled to allow 
the display of the seven-segment in- 
formation. An example of such a system is 
given in Fig. 17. Because the grid voltage 
is constant and not at the control of the 
system, the only possible level shifting 
necessary would be for the segment 
display. 

Unlike the LED display, the fluorescent 
display quite often needs the level-shifting 
capability of a transistor-inductor flyback 
circuit to achieve the high potentials 
necessary for operation. Fig. 18 gives 
three typical up-converter circuits. The 
circuit of Fig. 18(a) is pulsed by Vx thus 
causing a current flow through L. This 
change in current causes an increase in the 
voltage across the inductor (Vz, = L* 
di/dt). The amount of current (ipeak = 
Vpp/Rg) is inversely proportional to the 
value of Ro. With Ra adjustable in value, 
the output voltage can be increased by 
lowering the value of Rg or decreased by 
raising its value. Capacitor Co filters the 
voltage spikes caused by the input 
frequency, and diode Dj, keeps the 
capacitor charged while the voltage spike 
from L di/dt is low. 

Fig. 18(b) differs from Fig. 18(a) in that 
it has a self-contained RCL oscillator and 
obtains its voltage increase by transformer 
action. The oscillator formed by Rg, C, 
and L drives the n-p-n bipolar devices 
forcing an ac signal across the transformer 
input windings. Because the turns ratio of 
the transformer from output to input is 
greater than one, there is an increase in 
output voltage. The transformer gives a 
more precise increase in voltage than the 
circuit in Fig. 18(a) provides. Capacitor C 
and diodes D and Dz clamp the voltage 
VoUT to the breakdown voltage of Dz 
and filter and isolate C from discharging 
during the period of low output voltage 
from the transformer. 


Fig. 18(c) is similar to Fig. 18(b) in the 
transformer action, but its input is similar 
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16 - Typical circuit for driving 
Fig. 15 - Series-type multiplexing of a one-of- 4 fluorescent digital display. 
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Fig. 17 - Example of unmultiplexed system for 


driving a fluorescent display. 
to that of Fig. 18(a) in that it is driven by 
an external input. 
Circuits similar to those in Fig. 18 can 
be used to level-shift voltages for the gas- 


cl Yoo 


Your 


FOR Vin * 256 Hz 


C= 300 pF 
bic 20.02 pF 
Ri = 20k C2 
VOVES (OP | R2=0-1 ko T 
‘ONLY LI= 3.4 mH — 


Ql = 2N2907 OR EQuiv. 
DI = INSI4 OR EQuiv. 


(a)  Pulsed,, single-transistor- 
inductor flyback circuit. 








(b) Transformer-type circuit with 
RCL oscillator providing drive. 
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92cS-29906 
(c) Transformer-type circuit with 


external drive. 
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Fig. 18 - Typical up-converter circuits for 
fluorescent digital displays. 
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discharge type of display discussed 
previously. It is necessary, however, that 
the transformer, capacitors, transistors, 
and other components be rated to 
withstand the 200-volt signals which may 
be necessary to operate the gas-discharge 
display and be capable of meeting the 
higher power requirements. 


Incandescent Displays 


One other display which has had wide 
acceptance is the incandescent display. Its 
low cost, high brightness, and ready 
availability have lead to considerable use 
of this display. Its disadvantages are its 
high power dissipation and the high 
amount of heat it generates. Typical 


© power requirements are 1.5 to 5 volts at 8 


to 24 milliamperes. 


Incandescent displays are available in 
many sizes and colors. Multiplexing of the 
digits is easily accomplished by pulsing 
each segment for a given time period. The 
wattage for an incandescent lamp at the 
remains constant 
regardless of duty cycle or waveform 
shape provided that the multiplexing rate 
is faster than the thermal time constant of 
the filament. When incandescent displays 
are multiplexed, an increase in the forcing 
voltage by an amount equal to the square 
root of the number of multiplexed displays 
will maintain the same brightness on each 
display that it would have in a static 
condition. 

With incandescent displays, it is 
recommended that diodes be used in series 
with each segment to prevent erroneous 
display indication through stray electrical 
paths. Fig. 19 illustrates the interfacing of 
a multiplexed incandescent display. In 
this circuit, the CD4013 dual “D”-type 
flip-flop combines with the CD4069 
oscillator to generate the four pulse in- 


co4013 






MULTIPLE XED 
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92C$-29905 
Fig. 19 - Circuit for interfacing a multiplexed 
incandescent-type digital display. 


tervals needed to multiplex four digits. 
For a typical incandescent display 
requiring 4.5 volts, the voltage necessary 
for the four-digit display is 4x4.5=9 
volts. The CD40107 dual NAND buf- 
fer/driver and the p-n-p transistor 40537 
assure that sufficient current is generated 
at this voltage. With a typical filament 
segment current of 50 milliamperes, the 
current sourced from transistor 40537 is 50 
x 7 or 350 milliamperes. The minimum 
beta of the 40537 is 20. Its base current, 
therefore, is given by 


Ip] = 350/20 = 17.5mA. 


At Vpp of 12 volts and Igy of 17.5 
mA, VoyT from the CD40107B is 0.11 
volt. Then, 


Ry = (11.3 - 0.11)/17.5 = 640 ohms. 


For 50 milliamperes in each segment 
anda B of 40 


Ipg = 50/40 = 1.25 mA 


25 


At Vpp of 12 volts and IQyT of 1 
B is 11.4 


mA, VouT from the CD4511 
volts. Then, 


Ro = (11.4- 0.7)/1.25 = 8.56 kilohms. 


These calculations depend upon the 
current gain of each bipolar device and the 
voltage necessary on the incandescent 
display. As mentioned previously, the 
diodes in series with each display segment 
minimize the possibility of stray leakage 
currents. Use of the blanking input of the 
CD4511 assures that if the oscillator were 
to cease to function for any reason, the 
indexed digit and segments would not be 
destroyed by the static voltage and current 
applied to the display. 





Simplified Design of Astable RC Oscillators 
Using the CD4060B or Two CMOS Inverters 


D. Rodman 


Application Notes are available that 
deal with theoretical approaches to 
oscillator design; this Note stresses prac- 
tical aspects of design and provides easy- 
to-use algebraic equations that permit 
values of R and C for a given oscillator fre- 
quency to be quickly determined. 


Astable Design Approach 

The most basic RC oscillator circuit is 
that shown in Fig. 1. The time period T for 
one cycle of this oscillator is given by the 
equation: 


VDD—VTR Vv 


TR ‘ 
op} 


T= -RC E “Yoon Vv 


Vob = supply voltage 
VTR = transfer voltage 


By letting VTR = 0.5 Vpp, equation 1 can 
be simplified to: 


T = ~—RC(In0.5 + In 0.5) 
T = 139RC (2) 
The problem with this circuit is that 
transfer voltage can vary from 33 to 67 
percent of Vop. Therefore, the maximum 
variation in the time period, T, can be as 
high as 9 percent, with a +33 percent 
variation in transfer voltage from unit to 
unit. 





Yoo —s sacs-32808 


Fig. 1 - The most basic RC oscillator circuit. 


An improvement to this basic circuit 
can be made by adding resistor Rg, as 
shown in Fig. 2. The resistor makes the 
frequency independent of supply-voltage 
variations and reduces the time-period 
variations to less than 5 percent with 
variations in transfer voltage. 

Rs should be- 10 times the value of Rx. If 
Rs is made less than 10 Rx, the variation 
In period T increases to about 10 percent 
as the value of Rs approaches zero.1 If Rs 
is made too large, a time constant and 
phase shift Is produced by Rs and stray 
wiring and breadboard capacitance. This 
shift creates a switching delay in the cir- 
cult which changes the time period. 


Rs Cy 


OUTPUT 
92C$ -32504 
Fig. 2. - An improved oscillator circuit made 


by adding resistor Rg to the circuit of 
Fig. 1. 


ine time period T for the circuit in Fig. 2 


is 
VTR 
T= —RxCy] In ——___ 
VpoD+VTR 
VpD-VTR 
+in ———_—___—_ 
3) 
2Vpp-YTR 8) 


If VtR=0.5 Vpp, equation 3 can be 
simplified to: 


T = —RxCx (In % + In %) 
T = 2.2RxCx (4) 


Equation 4 will only be true in the 
CD4060B for values of R greater than 50 
kilohms and for values of C greater than 
1000 picofarads. At values of C less than 
1000 picofarads, stray capacitance will 


_ have a much greater effect on the entire 


system. 


it is advised that a buffer circuit, Fig. 3, 
be added to the circuit of Fig. 2to prevent 
the jitter that would otherwise be in- 
troduced into the circuit by nolse picked 
up by connecting cables and by stray 
wiring and breadboard capacitance. The 
buffer circuit is not needed with the 
CD4060B since it has an internal buffer 
and is internally connected to a counter. 


Rg Cx 


er 


Fig. 3 - A butter circuit used to improve the 
performance of the circuit of Fig. 2. 


> OUTPUT ' 
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Compensation for 50-Percent Duty Cycle 

A true square-wave pulse Is obtained 
only when the transfer voltage occurs at 
the 50percent point. If the transfer 
voltage is at either 33 or 67 percent, the 
duty cycle will not be 50 percent. The duty 
cycle can be controlled, however, if part 
of the resistance of the RC time constant 
2 shunted out with a diode, as shown in 

ig. 4. 





92C$-32807 


Fig. 4 - Method of controlling the duty cycle 
of the RC oscillator. 


Because adjustment of this diode 
shunt to obtain a specific pulse factor 
causes the frequency of the circult to 
stray, a frequency control, R1, is added. 
This circult is not needed when using the 
CD4060B since it is used In conjunction 
with a counter. A 50-percent duty cycle 
will be derived from the divider/counter 
outputs. 


References and Bibliography 

1. “Astable and Monostable Oscillators 
Using RCA COS/MOS Digital In- 
tegrated Circuits,” RCA Solid State 
Application Note ICAN-6466. 

2. “COS/IMOS 14-Stage Ripple-Carry 
Binary Counter/Divider and 
Oscillator,” RCA Solid State Data 
Bulletin File Number 1120. 
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Parallel Clocking of Sequential 


CMOS Devices 


T. Chesney _ 
R. Funk 


It is a well-established fact that process 
variations lead to different input MOS- 
transistor thresholds, and that these 
differences directly affect the clock input 
trigger voltage of sequential CMOS logic 
circuits. Fig. 1(a) illustrates a cascade of 
two different sequential CMOS devices (D- 
type flip-flops, type CD4013) that causes a 
logic error when data is transferred from 
IC, to ICBg. In this example, the same clock 
transition triggers IC, at its trigger voltage 
of Vra and 1Cp at a voltage of Vrp. As 
shown in Fig. 1(b), the propagation of data 
from the output stage of IC, to the input of 
ICg is faster than the clock transition time 
from Vr, to Vtg. Hence, ICB responds to 
the wrong logic state, and its output goes 
low when it should stay high. 

The solution to this logic-error condition is 
a clock transition time that is fast enough 
compared to the propagation delay for a 
worst-case Vya and Vtg combination to 
assure that logic-state errors will not occur. 


Parallel Clocking Limits 

A study of the parallel clocking condition 
for any combination of two different 
sequential devices has resulted in the 
development of equations for modeling the 
maximum permitted clock input rise time, 
tRCL 

For A-series devices: 


0.8Vpp(V) 
tro (max) -aaety x tp (ns) 


For B-series devices: 


0.8V) Vv 
tRcoL(max) = “TH x tp (ns) 


The factor tp is equivalent to tp, Or tp, H, 
whichever is smatler, for 1Ca,Fig. 1. The 
typical value at a specified value of Vpp is 
selected at the loading condition shown on 
the device data sheet. The factor 0.8 Vpnp 
specifies toy for a rise or fall time of from 
10 to 90 percent. The voltages in the 
denominator (1.25V for A-series types and 
1.15V for B-series types), are the expected 
deviations in clock input transfer voltages. 
Tables | and I! list the maximum clock rise 
times permitted when cascading CD4000A 
and CD4000B-series types, respectively. 


The maximum values of taco, are 
applicable when sequentially cascading 
identical or dissimilar IC types when ICa 
(see Fig. 1) is the type listed in the “Type” 
column in the table. However, some 
restrictions apply; namely both IC, and 
ICR must accept positive or negative 
(CD4006 type) clock pulses, and the logic 
combination of ICq and !Cg must be 
meaningful. The connections assumed are 
primarily of the parallel-clocked — shift 
register or counter type. 
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The tag limits shown in Tables | and Il are 
less than those shown on_ individual 
CD4000-series data sheets; the data sheet 
limits are for individual IC operation, not 
cascaded operation. Recommended 
operating-temperature ranges remain as 
shown in the data sheets for cascaded as 
well as individual device operation. 


TABLE { — Maximum Clock Rise Time 
When Cascading CD4000A Types? 


Type Rise Time (us) Vip (V) 
Cp4006a2 —~—BS—~<“<i‘“=;CSWSTN 
CD4013A 0.48 5,10 
CD4014A 0.96 5 
0.64 10 
CD4015A 0.96 5 
0.64 10 
CD4018A 1.12 5 
0.80 10 
CD4021A 0.96 5 
0.64 10 
CD4027A 0.48 5,10 
CD4029A 1.04 5 
0.74 10 
CD4031A 1.28 5,10 
CD4034A 1.92 5 
1.54 10 
CD4035A 0.80 5 
0.64 10 
Notes: 


1. Cy = 15 picofarads. 


2. Negative-edge-triggered device, 
cascades only with itself. 






Q 
DATA Ica A 


CD4013 


(a) 


CLOCK ! 


I 
l 
Qq OUTPUT 
| 
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TABLE || — Maximum Clock Rise Time 
When Cascading CD4000B Types! 





Type Rise Time (ys) 
CD4006B2 0.70 
CD4013B 0.45 
CD40148 0.40 
CD4015B 0.55 
CD4021B 0.40 
CD4027B 0.45 
CD4029B 0.84 
CD4031B 0.80 
CD4034B 0.85 
CD4035B 0.70 
CD4076B 0.90 
CD4089B 0.40 
CD4094B 0.90 
CD4095B 0.70 
CD4096B 0.70 
CD4510B 0.70 
CD4516B 0.70 
CD4517B 0.84 
CD40100B 1.20 
CD40102B 0.91 
C040103B 0.91 
CD40104B 0.70 
CD40160B 0.66 
CD40161B 0.66 
CD40162B 0.66 
CD40163B 0.66 
CD40174B 0.50 
CD40192B 0.56 
CD40193B 0.56 
CD40194B 0.70 
Notes: 


1. Vpp = 5, 15V; 
C, = 50 picofarads. 
Data does not apply to units with 
Schmitt triggers in the clock input. 
2. Negative-edge-triggered device, 
cascades only with itself. 
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Qg OUTPUT reR oe 
| 
ACTUAL ERROR 
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(d) 
Fig.1-Parallel clocking o: 
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Logarithmic Units Of Measure In Telecommunications 


by Dennis Rodman 


This Application Note is an introduction to the logarithmic 
units used in the telecommunications industry. The Note 
will be useful as a learning tool for those entering the 
telecommunications industry and as a handy reference for 
experienced individuals. 


Logarithmic units are used in the telecommunications 
industry for measurements that define the functions and 
qualities of transmission circuits. Examples of 
measurements involving logarithmic units are gain, noise 
and distortion. Since common logarithms are based on 
exponents of powers of ten, the application of logarithms 
permits complex multiplication or division operations to be 
transformed into simple addition or subtraction. This 
property of logarithms is valuable in telecommunications 
because many measurements involve large numbers, and 
logarithms facilitate calculation of these numbers. 


Logarithms 


The logarithm or “log” to a given base of a positive number 
is the exponent that indicates the power to which the base 
must be raised in order to obtain the number. In the example 
23 = 8, 3 is the exponent of 2 and is also the log of 8, or in 
other words, 3 is the og to the base 2 of 8. This expression is 
written as 3 = logo 8. Base 10 is the most used system and is 
known as the “common logarithm.” in the example 102 = 
100, 2 is the log to the base 10 of 100. The subscript 10 is 
usually eliminated and the equation becomes 2 = log 100, 
with the base 10 understood. 


Decibels 


Power gains or losses are measured in decibels. The 
decibel is defined as: 





dB = 10 lo 
9 Pi 


where Po is the output power and Pj the input power. 
Conversion of the power into voltage yields the equation: 


dB = 20 log 





where Vo is the output voltage and V the input voltage. If 
the output is greater than the input (gain), dB will always be 
a positive number. If the output is Jess than the input 
(attenuation), dB will always be a negative number. dB 
equals 0 when the input equals the output. 


The decibel is never an absolute measurement, but rather a 
ratio between two quantities. Thus, the gain or attenuation 
of a system can be characterized without specifying input 
or output quantities. As an example, a system that has a 
gain of 20 dB will always have a power ratio of 100; i.e., the 
output power will be 100 times greater than the input 
power. A list of ratios is given in Table I. 
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Table | - Power Ratios for Various dB Values 





dB Power Ratio 
0 1 

1 1.26 

2 1.58 

3 2.00 

4 2.51 

5 3.16 

6 3.98 

7 5.01 

8 6.31 

9 7.94 
10 10 

15 31.6 
20 100 
25 316 
30 1000 
35 3.16 x 103 
40 104 
45 3.16 x 104 
50 105 
60 106 
70 107 
80 108 
90 109 
100 1010 


dBm 


In many instances, it is desirable to have a common 
reference power. In the telecommunications industry, the 
most common reference power is 1 milliwatt. When the 1 
milliwatt reference figure is used, the equation for decibels 
becomes: 


dBm = 10 log 





0.001 
where dBm is defined as decibels referenced to 1 milliwatt. 
As an example, a gain of 30 dBm would be equivalent to an 
output power of 1 watt. 


When converting power into voltage in dBm, 1 milliwatt is 
always measured across 600 ohms. Then the input reference 
voltage becomes: 





P(R) = V2 

(0.001) (600) = V2 

0.775 =V 
Therefore, the expression for dBm when using voltage 
becomes: Vv 

dBm = 20 log 


0.775 
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dBr 


Gain and attenuation have no significance unless a reference 
level is defined for the system. The point at which the 
reference appears is designated the “zero test-level point,” 
or 0 TLP. AO TLP is also equivalent to a 0 dBr point (dB 
relative to transmission level). dBr indicates the difference 
between the point at which a measurement is taken and an 


established zero or reference level. That is: 
measured power level 
dBr = 10 log 





reference power level 
As anexample, assume that 25 milliwatts will be used as the 
0 TLP in a particular system. If a level of 10 milliwatts is 
measured, then: 0.010 


dBr = 10 log 
0.025 


dBr = -4 


Thus, the 10-milliwatt signal would be at a-4 dBr point with 
reference to 25 milliwatts. 


dBmO 


When a power level measured in dBm is referred or 
measured to a0 TLP, it is converted into dBmO, where the 
“O” indicates that the measurement is referred to a point of 
zero relative level. The unit dBmO is an absolute unit of 
power indBm. dBm can be related to dBr and dBmO by the 
following equation: 


dBmO = dBm - dBr 


As anexample, assume that 8 dBm will be used as the 0 TLP 
or 8 dBmO. A signal is then measured at -12 dBm. To 
calculate the dBr point, the values are substituted into the 
equation: 

dBmO = dBm - dBr 


8=-12-dBr 
-20 = dBr 


Therefore, -12 dBm is at a-20 dBr point when 8 dBm is used 
as the 0 TLP. 


This unit, dBmO, is used extensively in telecommunications 
for recording results of such tests as gain, gain tracking, 
and frequency response. 


dBm and dBmO are generally intended as power 
measurements at a given point. However, many power 
measurements in the telecommunications industry are 
LCrericey to noise. The following is a discussion of these 
units. 


In order to develop a unit of measure for noise interference, 
both the response of the human ear and the efficiency of the 
telephone equipment used had to be considered. It was 
found that a frequency of 1000 Hz produced greater 
interference for the average listener than any other 
frequency. The designers of the early-model Western 
Electric 144 handset used this fact to produce a weighting 
curve, Fig. 1, that showed the interference effect of 
frequencies in the voice band as compared to 1000 Hz. The 
144 weighting curve shows that 500 Hz causes 15 dB less 
interference that a 1000 Hz signal of the same amplitude, 10 
dB at 600 Hz, 6 dB at 800 Hz and so on. 


° 
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Fig. 1 - Weighting curve used with Western Electric 144 handset. 


The noise-measurement referred to the 144 handset was 

the dBrn (dB referenced to noise). The reference power 

selected was 1 picowatt (10-12 watt), or -90 dBm at 1000 Hz. 

dBrn can then be expressed as: 

(noise signal) 

dBrn = 10 log ———--——_ 
10-12 

or 


dBrn = dBm + 90 


Subsequent to the 144 handset, Western Electric developed 
an improved handset, the F1A. This new handset had a 
broader response than the 144, but was 5 dB less sensitive 
at 1000 Hz. That is, the same interfering effect was produced 
using -85 dBm with the F1A weighting as was produced 
using -90 dBm with the 144 weighting. Thus, a new noise 
unit known as dBa (decibels above reference noise, 
adjusted) was adopted. This noise unit uses a reference 
power of -85 dBm at 1000 Hz. dBa is expressed as: 


dBa = dBm + 85 


dBrnC and dBrnCo 


In the 1950’s, a third, more sensitive handset, the type 500, 
was put into service in North America. This handset 
produced yet another weighting curve called “C-message 
weighting,” Fig. 2. The C-message weighting curve is 3.5 dB 
more sensitive at the reference frequency than the F1A 
curve, and 1.5 dB less sensitive than the 144 weighting 
curve. However, instead of creating a new reference power 
level of -88.5 dBm, the -90 dBm level was maintained. The 
new noise unit became dBrnC (decibels above reference 
noise, C-message weighted), and can be expressed as: 
dBrnv = dBm + 90 

When noise measurements are taken with a 3000-Hz 
bandwidth (white noise), the level of interference changes. 
White noise, having a power of 0 dBm, produces an 
interference of only 82 dBa or 88 dBrnC. Therefore, the 
conversion from dBrnC to dBa is given by: 


dBrnC = dBa+6dB 
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Fig. 2 - Comparison of psophometric with C-message weighting. 
where the conversion factor has a 5 dB difference, and For flat noise in the 300-3400-Hz frequency range: 
weighting over the 3000-Hz bandwith adds 1 dB of 


difference. dBmp = dBa - 84 


it becomes convenient at times to refer an absolute noise dBa = 10 log pWp - 6 

power measurement to a known noise-power level. The A list of dB measurements is given in Table Il. 
zero transmission point (0 TLP) is then used and identified 

as dBrnCO where: 


Sere “Seeds Table Il - dB Conversions 

















and 
dBrnCO = dBm + 90 - dBr Power(W) dBm dBrn dBa dBmC dBmP 
As an example, 0 dBris used as the reference. Noise is then 
measured at -82 dBm. To calculate the dBrnCo, the values iy a be be bps Ps 
are substituted into the equation above: 01 20 110 105 110 20 
dBrnCO = dBm + 90 - dBr 102 10 100 95 100 10 
=- ff 10- 0 90 85 90 0 
Senne 10-4 10 80 75 80 -10 
dBrnCO =8 10-5 -20 70 65 70 -20 
Therefore, noise at -82 dBm is equivalent to 8 dBrnCO. 108 -30 60 55 60 -30 
dBrnCo is used in test documentation and data sheets to ae -40 50 45 50 -40 
describe idle-channel noise. It gives the advantage of the ie -50 40 35 40 -50 
use of a small positive number rather than a large negative 10" -60 30 25 30 -60 
number. 10°10 -70 20 15 20 -70 
io ; -80 10 5 10 -60 
Psophometric Welghting 10" -80 0 5 0 -90 
in Europe and other parts of the world, CCITT (International References 


Telephone and Telegraph Consultative Committee) has 
established the psophometric weighting curve as the 1. Donald G. Fink, Electronics Engineers’ Handbook, 


standard for noise measurements, Fig. 2. The referrence McGraw-Hill, New York, 1975. 

frequency used for this weighting is 800 Hz rather than the 

previously mentioned 1000 Hz. 2. Roger L. Freeman, Telecommunication System 
dBmP (dBm psophometrically weighted) is the unit of Engineering, Wiley New York, 1980. 


power in dBm measured with psophometric weighting. The 
reference level is 1 picowatt and is designated as 1 pWp 3. Lenkurt Demodulator, Lenkurt Electric Company, San 


(picowatt psophometrically weighted), which is equivalent Carlos, California, September/October 1976. 

to an 800-Hz signal at -90 dBm. Approximate conversions 

arene (Olowa: 4. International Telephone and Telegraph Corporation, 
dBrnC = 10 log pWp Reference Data for Radio Engineers, 6th ed., Howard 


W. Sam, Indianapolis, 1976. 
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Abstracts of Other Application Notes 


ICAN-6080 ..............-.- 6 pages 
Digital-to-Analog Conversion Using the RCA- 
CD-4007A COS/MOS IC 

The use of the RCA-CD4007A COS/MOS 
dual complementary pair plus inverter as a 
digital-to-analog (D/A) switch is demonstrated. 
The op-amp output stage for the digital-to- 
analog converter (DAC) uses COS/MOS and 
bipolar transistor-array IC's. Resistance networks 
for DAC’s, the design of a voltage-follower 
amplifier for single supply operation, and a 
9-bit COS/MOS DAC are described. 


ICAN-6166 ..............- 16 pages 
COS/MOS MSI Counter and Register Design 
and Applications 

Logic and schematic diagrams for counter 
and register types CD4006A, CD4014A, 
CD4015A, CD4018A, CD4020A, CD4021A, 
CD4022A, and CD4024A are presented; cir- 
cuit designs are outlined and device-design 
trade-off’s are discussed. Performance criteria 
are summarized and spplivations by type are 
outlined by means of logic or subsystems dia- 
grams and waveforms photographs. 


ICAN-6176 2.0.00 eee ees 8 pages 
Noise Immunity of COS/MOS Integrated-Circuit 
Logic Gates 
The types of noise usually encountered in a 
logic system are discussed and the noise im- 
munity of a COS/MOS integrated-circuit logic- 
pte test circuit in relation to system variables 
evaluated. The evaluation is performed on a 
circuit that includes a CD4000A dual 3-input 
gate plus inverter and a CD4001A quad 2-input 
pie connected in cascade to drive a CD4013A 
ip-flop. Measurement of the voltage required 
at various gate leads to switch the flip-flop 
defines the noise immunity threshold of the 
gate circuits. 


ICAN-6210 .........-.0005 11 pages 
A Typical Data-Gathering and Processing Sys- 
tem Using CD4000A-Series COS/MOS Parts 

This Note is developed in terms of a typical 
system for process controls. The flexibility of 
system design and common data-bus architec- 
ture made possible by the three-state outputs 
and bidirectional input/outputs incorporated in 
many COS/MOS circuits are stressed, as is the 
ease of system design for data handling in 
increments of 4 bits made possible by the 
CD4000A family. The implementation of the 
system is shown in terms of the COS/MOS stand- 
ard parts that can be used to perform the 
desired system functions. Attention is focused 
on the multiplicity of applications and the 
scope of information processing that can be 
covered by standard parts. 


ICAN-6289 os ose te Ha 12 pages 
A COS/MOS PCM Telemetry and Remote Data 
Acquisition Design 

Descriptive background material on tele- 
metry systems is given along with systems for 
both immediate and remote data conversion 
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and transmission. Parts from the CD4000 family 
are used to show how various sections of the 
system may be realized in the general case. The 
exact configuration of any specific system will, 
of course, depend on the unique requirements 
of the application. 


ICAN-6362 ...-...---.----- 10 pages 
Using the CD4520B to Design Dividers with 
Symmetrical Outputs 

The general-purpose COS/MOS dual up- 
counter, the CD4520B, a counter that may be 
used in various counting and dividing applica- 
tions is discussed. Dividers of the form N=2i' + 1 
and N=2! +1 and described. Applications of 
symmetrical dividers are also discussed. 


ICAN-6374 8 pages 
The COS/MOS CD4059A Programmable Divide- 
by-N Counter in FM and Citizens-Band-Trans- 
ceiver Tuners 

The frequency synthesis. capability of the 
CD4059A programmable divide-by-N counter 
is demonstrated in applications in an FM 
digital tuner and in the digital tuner for a 
citizens-band tranceiver., The digital approach 
described in the paper allows desired frequen- 
cies to be selected by depressing numbered 
buttons on a keyboard. By using the appro- 
priate basic circuitry along with a phase-locked- 
loop circuit, the local oscillator of the receiver 
is adjusted and locked to the proper frequency, 
thus assuring proper station selection. Alternate 
methods of station selection that enhance the 
flexibility of the system are described. 


ICAN-6498 6 pages 
Design of Fixed and Programmable Counters 
Using the RCA CD4018A COS/MOS Presettable 
Divide-by-N Counter 

The use of the CD4018A_ single-decade and 
multidecade fixed and programmable divide-by- 
N counters are described. System considerations 
such as switch simplifications, components 
minimization, and speed are also discussed. 


ICAN-6600 ..........-.-.. 6 pages 
Arithmetic Arrays Using Standard COS/MOS 
Building Blocks 

The design of a COS/MOS arithmetic unit 
capable of adding, subtracting, multiplying, and 
dividing is described. The device is also able 
to perform the logical functions of OR, AND 
and the Exclusive OR of two 4-bit words. Three 
4-bit registers are provided that permit either of 
two words to perform a desired operation with 
a third word. The system is configured with 
Standard, commercially available COS/MOS 
devices, which include registers, AND-OR select 
gates, a full adder, and NOR and NAND gates. 


ICAN-6601 .........----.. 12 pages 
Transmission and Multiplexing of Analog or 
Digital Signals Utilizing the CD4016A Quad 
Bilateral Switch 

The CD4016A quad bilateral switch is the 


ideal semiconductor switch for use in switching 
applications; it can be used for the transmission 
of analog or digital signals with low distortion. 
The Note discusses features of the device; opera- 
tion of the COS/MOS switch; switch and logic 
applications, including switch and logic func- 
tions; multiplexing/demultiplexing; digital con- 
trol of signal gain, frequency, and impedance, 
including resistor networks, and variable fre- 
quency control; digital-to-analog conversion, in- 
cluding weighted resistor networks for the D/A 
converter, andan R-2R resistor ladder D/A 
converter; sample-and-hold applications; and 
squelch control (level detection). 


ICAN=6602. fos. dose eee ee 12 pages 
Interfacing COS/MOS with Other Logic Families 

The RCA CD4000A COS/MOS series circuits 
operate from power-supplies of 3 to 15 volts. 
Thus, they can drive and be driven by a num- 
ber of logic families, including all DTL and TTL 
families, within certain conditions and limita- 
tions. This Note describes the conditions of 
interface. 


ICAN-6716 2... 2.00022 eee 15 pages 
Low-Power Digital Frequency Synthesizers Uti- 
lizing COS/MOS IC’s 

A digital frequency synthesizer that employs 
a digital phase-locked loop and other COS/MOS 
circuits is described. Following a reveiw of 
phase-locked-loop fundamentals, the use of 
COS/MOS devices in FM receiver systhesizers 
is discussed. 


WOAN-G733 ices ee ede we 16 pages 
Battery-Powered Digital-Display Clock/Timer 
and Metering Applications Utilizing the RCA 
CD4026A and CD4033A Decode Counters — 
7 Segment Output Types 
This Note describes the CD4033A and 

CD4026A and their use with various 7-segment 
display units presently available, Interface 
packages and methods are discussed to help the 
the designer select the best system to meet his 
demands. Also included are battery-operated 
systems for digital clocks and watches. 


ICAN-6739) 292-0 coool a se 12 pages 
COS/MOS Rate Multipliers — Versatile Circuits 
for Synthesizing Digital Functions 

COS/MOS rate multipliers, the CD4527B 
and CD4089B, can be used as building blocks 
to generate a range of digital functions in 
low-power systems where minimum package 
count is desirable. The circuits may be em- 
ployed in numerical control, instrumentation, 
digital filtering, and frequency synthesis. When 
used with an up/down counter and control 
logic, they can be used to perform such opera- 
tions as multiplication, addition, subtraction, 
generation of algebraic equations and differen- 
tial equations, integration, and to raise num- 
bers to various powers. Symmetric rate multi- 
plication, the problem of eliminating round-off 
error in a direct frequency-synthesis application 


in a common-carrier multiplex system is also 
covered. 
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Arrow Electronics, Inc. 
7620 McEwen Road 
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481 East Eleventh Avenue 
Columbus, OH 43211 

Tel: (614) 294-5351 
Kierulff Electronics, Inc. 
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Cleveland, OH 44128 
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Kierulff Electronics, Inc. 
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Wyle Distribution Group 
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Arrow Electronics, Inc. 
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Schweber Electronics Corp. 
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TEXAS 
Arrow Electronics, Inc. 
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Tel: (214) 386-7500 
Arrow Electronics, Inc. 
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Houston, TX 77099 
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Austin, TX 78758 

Tel: (512) 836-1341 
Sterling Electronics, Inc. 
11090 Stemmons Freeway 
Stemmons at Southwell 
Dallas, TX 75229 

Tel: (214) 243-1600 
Sterling Electronics, Inc. 
4201 Southwest Freeway 
Houston, TX 77027 

Tel: (713) 627-9800 


UTAH 


Hamilton Avnet Electronics 
1585 West 2100 South 

Salt Lake City, UT 84119 
Tel: (801) 972-2800 
Kierulff Electronics, Inc. 
2121 S. 3600 West Street 
Salt Lake City, UT 84119 
Tel: (801) 973-6913 

Wyle Distribution Group 
1959 South 4130 West Unit B 
Salt Lake City, UT 84104 
Tel: (801) 974-9953 


WASHINGTON 


Arrow Electronics, Inc. 
14320 N.E. 21st Street 
Bellevue, WA 98005 

Tel: (206) 643-4800 
Hamilton Avnet Electronics 
14212 N.E. 21st Street 
Bellevue, WA 98005 

Tel: (206) 453-5874 
Kierulff Electronics, Inc. 
1005 Andover Park E. 
Tukwila, WA 98188 

Tel: (206) 575-4420 


Priebe Electronics 

2211 Fifth Avenue 
Seattle, WA 98121 

Tel: (206) 682-8242 
Wyle Distribution Group 
1750 132nd Avenue, N.E. 
Bellevue, WA 98005 

Tel: (206) 453-8300 


WISCONSIN 


Arrow Electronics, Inc. 

430 West Rawson Avenue 
Oak Creek, WI 53184 

Tel: (414) 764-6600 
Hamilton Avnet Electronics 
2975 South Moorland Road 
New Berlin, WI 53151 

Tel: (414) 784-4510 
Kierulff Electronics, Inc. 
2236G West Bluemond Road 
Waukesha, WI 53186 

Tel: (414) 784-8160 

Taylor Electric Company 
1000 W. Donges Bay Road 
Mequon, WI 53092 

Tel: (414) 241-4328 


Canada Alberta 


Hamilton Avnet Elec. 
2816 21st St. N.E., Calgary 
Alberta, T2E 6Z2 

Tel: (403) 230-3586 
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RCA Authorized Distributors 
U.S. and Canada (Cont'd) 


Canada 


L. A. Varah, Ltd. 

6420 6A Street SE, 
Calgary, Alberta T2H ZB7 
Tel: (403) 255-9550 


British Columbia 


L. A. Varah, Ltd. 

2077 Alberta Street, 
Vancouver, B.C. VSY 1C4 
Tel: (604) 873-3211 

R.A.E. Industrial Electronics, 
Ltd. 

3455 Gardner Court, Burnaby, 
B.C. V5G 4J7 

Tel: (604) 291-8866 


Manitoba 


L. A. Varah, Ltd. 

#12 1832 King Edward Street 
Winnipeg, Manitoba R2R ON! 
Tel: (204) 633-6190 


Europe, Middle East, and Africa 


Austria 


Belgium 


Denmark 


Egypt 


Ethiopia 


Finland 


France 


Germany 


792 


Bacher Elektronische Gerate 
GmbH 

Rotenmuhigasse 26, 

A-1120 Vienna 

Tel: 0222/8356460 


Inelco Belgium S.A. 

Avenue des Croix de Guerre 94 
1120 Bruxelles 

Tel: 02/216.01.60 


Tage Olsen A/S 
P.O. Box 225 

DK - 2750 Ballerup 
Tel: 02/65 81 It 


Sakrco Enterprises 

P.O. Box 1133, 

37 Kasr El Nil Street, Apt. 5 
Cairo 

Tel: 744440 


General Trading Agency 
P.O. Box 1684 

Addis Ababa 

Tel: 132718 137275 


Telercas OY 

P.O. Box 33 

SF - 04201 Kerava 
Tek: 0/248.055 

Almex S.A. 

48, rue de l’Aubepine, 
F - 92160 - Antony 
Tel: (1) 666 21 12 
Radio Equipments 
Antares S.A. 

9, rue Ernest Cognacq, 
F - 92301 - Levallois Perret 
Tel: (1) 758 11 11 
Tekelec Airtronic S.A. 
Cite des Bruyeres, 

Rue Carle Vernet, 

F - 92310 - Sevres 

Tel: (1) $34.75.35 
Alfred Neye Enatechnik GmbH 
Schillerstrasse 14, 
2085 Quickborn 

West Germany 

Tel: -04106/6121 


Greece 


Holland 


Hungary 


Iceland 


Israel 








Ontario 


Cesco Electronics Ltd. 

24 Martin Ross Road 
Downsview, Ontario M3J 2K9 
Tel: (416) 661-0220 

Electro Sonic, Inc. 

1100 Gordon Baker Road 
Willowdale, Ontario M2H 3B3 
Tel: (416) 494-1666 

Hamilton Avnet (Canada) Ltd. 
6845 Rexwood Drive 

Units 3,4,5 

Mississauga, Ontario L4V 1M5 
Tel: (416) 677-7432 

Hamilton Avnet (Canada) Ltd. 
210 Colonnade Street 

Nepean, Ontario K2E 7L5 

Tel: (613) 226-1700 


ECS Hilmar Frehsdorf GmbH 
Electronic Components Service 
Carl-Zeiss Strasse 3 

2085 Quickborn 

West Germany 

Tel: 04106/71058-59 

Beck GmbH & Co. 
Elektronik Bauelemente KG 
Eltersdorfer Strasse 7, 

8500 Nurnberg 15 

West Germany 

Tel: 0911/34961-66 


Elkose GmbH 
Bahnhofstrasse 44, 

7141 Moglingen 

West Germany 

Tel: 07141/4871 

Sasco GmbH 
Hermann-Oberth-Strasse 16 
8011 Putzbrunn bei Munchen 
West Germany 

Tel: 089/46111 

Spoerle Electronic KG 
Max-Planck Strasse 1-3, 
6072 Dreieich bei Frankfurt 
West Germany 

Tel: 06103/3041 

Semicon Co. 

104 Aeolou Str. 

TT.131 Athens 

Tel: 3253626 


Vekano BV 

Postbus 6115, 

N - 5600 HC Eindhoven 
Tel: (40) 81 09 75 
Hungagent 

P.O. Box 542 

H-1374 Budapest 

Tel: 01/669-385 

Georg Amundason 

P.O. Box 698, Reykjavik 
Tel: 81180 

Aviv Electronics 

Kehilat Venezia Street 12 
69010 Tel-Aviv 

Tel: 03-494450 


Italy 


Kuwait 


Morocco 


Norway 


Portugal 


Spain 


South Africa 


L. A. Varah, Ltd. 

505 Kenara Avenue, Hamilton, 
Ontario L8E 1J8 

Tel: (416) 561-9311 


Quebec 
Cesco Electronics, Ltd. 
4050 Jean Talon Street, West 
Montreal, Quebec H4P 1 WI 
Tel: ($14) 735-5511 
Hamilton Avnet (Canada) Ltd. 
2670 Sabourin Street, St. 
Laurent, Quebec H4S 1M2 
Tel: (514) 331-6443 


DEDO Elettronica SpA 
Strada Statale 16 Km 403-550 
64019 Tortoreto Lido (Te) 
Tel: 0861/78.67.46-48 


Eledra 3S SpA 

Viale Elvezia 18, 

1 - 20154, Milano 

Tel: (02) 349751 

IDAC Elettronica SpA 
Via Verona 8, 

1 - 35010 Busa di Vigonza 
Tel: (049) 72.56.99 


LASI Elettronica SpA 
Viale Lombardia 6, 

1 - 20092 Cinisello 
Balsamo (MI) 

Tel: (02) 61.20.441-5 
Silverstar Ltd. 

Via dei Gracchi 20, 

I - 20146 Milano 

Tel: (02) 49.96 


Morad Yousuf Behbehani 
P.O, Box 146 
Kuwait 


Societe d’Equipement Mecanique 
et Electrique s.a. (S.E.M.E.) 

rue Ibn Batouta 29 

Casablanca 

Tel: (212) 22.08.65 

National Elektro A/S 
Ulvenveien 75, P.O. Box 53 
Okern, Oslo $ 

Tel: (472) 64 49 70 


Telectra Sarl 

Rua Rodrigo da Fonseca, 103 
Lisbon 1 

Tel: 68.60.72-75 


Allied Electronic 
Components (PTY) Ltd. 
P.O. Box 6387 
Dunswart 1508 

Tel: (011) 528-661 
Kontron S.A. 
Salvatierra 4, 

Madrid 34 

Tel: 1/729.11.55 





RCA Authorized Distributors 
Europe, Middle East, and Africa(Cont’d) 


Spain 


Sweden 


Switzerland 


Turkey 


Novolectric 

Villaroe!, 40, 

Barcelona !1 

Tel: 254.18.07-08 

Ferner Electronics AB 
Snormakarvagen 35, 

P.O. Box 125, 

S-161 26 Bromma Stockholm 
Tel: 08/80 25 40 
Baerlocher AG 
Forrlibuckstrasse 110 

8005 Zurich 

Tel: (08) 42.99.00 

Teknim Company Ltd. 
Riza Sah Pehlevi Caddesi 7 
Kavaklidere Ankara 

Tel: 27.58.00 


Asia Pacific 


Australia 


Bangladesh 


Hong Kong 


India 


AWA Microelectronics 
348 Victoria Road 
Rydalmere N.S.W. 2116 


Amtron Tyree Pty, Ltd. 
176 Botany Street, Waterloo, 
N.S.W. 2017 


Electronic Engineers & 
Consultants Ltd. 

103 Elephant Road, Ist Floor 
Dacca $ 

Gibb Livingston & Co., Ltd. 
77 Leighton Road 

Leighton Centre 

P.O. Box 55 


Hong Kong Electronic 
Components Co. 

Flat A Yun Kai Bidg. 1/ FI 
466-472 Nathan Road 
Kowloon 


Photophone Ltd. 

179-5 Second Cross Road 
Lower Palace Orchards 
Bangalore 560 003 


Latin America 


Argentina 


Brazil 


Eneka S.A.1.C.F.L. 
Tucuman 299, 
1049 Buenos Aires 
Tel: 31-3363 
Radiocom S.A. 
Conesa 1003, 

1426 Buenos Aires 
Tel: 551-2780 


Tecnos S.R.L. 
Independencia 1861 

1225 Buenos Aires 

Tel: 37-0239 

Commercial Bezerra Ltda. 
Rua Costa Azevedo, 139, 
CEP-69.000 Manaus/ AM 
Tel: (092) 232-5363 


U.K. 


Indonesia 


Japan 


Korea 


Nepal 


New 
Zealand 


Philippines 


Chile 


ACCESS Electronic Components 
Ltd. 

Austin House, Bridge Street 
Hitchin, Hertfordshire SG5 2DE 
Tel: Hitchin (0462) 31 221 
Gothic Crellon Electronics Ltd. 
380 Bath Road, Slough, 

Berks, SLI 6JE 

Tel: Burnham (06286) 4434 
Jermyn Distribution 

Vestry Industrial Estate 
Sevenoaks, Kent 

Tel: Sevenoaks (0732) 450144 


Macro Marketing Ltd. 
Burnham Lane, 

Slough, Berkshire SLI 6LN 
Tel: Burnham (06286) 4422 


NVPD Soedarpo Corp. 
Samudera Indonesia Building 
JL Letten, Jen. S 

Parman No. 35 Slipi 

Jakarta Barat 


Okura & Company Ltd. 

3-4 Ginza, Nichome, Chuo-Ku 
Tokyo 104 

Panwest Company, Ltd. 

C.P.O. Box 3358 

Room 603, Sam Duk Building 
13 Da-Dong, Chung-Ku 
Seoul, Republic of South Korea 


Continental Commercial 
Distributors 

Durbar Marg. 
Kathmandu 

AWA NZ Ltd. 

N.Z. P.O. Box 50-248 
Porirua 

Philippine Electronics Inc. 
P.O. Box 498 

3rd Floor, Rose 
Industrial Bldg., 11 Pioneer St. 
Pasig, Metro Manila 


Panamericana Comercial 
Importadora Ltda. 

Rua Aurora, 263, 
01209, Sao Paulo, SP 
Tel: (011) 222-3211 
Raylex Ltda. 

Av Providencia 1244, 
Depto.D, 3er Piso 
Casilla 13373, Santiago 
Tel: 749835 

Industria de Radio y 
Television S.A. (IRT) 
Vic.-MacKenna 3333 
Casilla 170-D, Santiago 
Tel: 561667 


Yugoslavia 


Zambia 


Zimbabwe 


Singapore 


Sri Lanka 


Taiwan 


Thailand 


Colombia 


Costa Rica 


Dominican 
Republic 


STC Electronic Services 
Edinburgh Way, Harlow 

Essex, CM20 2DF 

Tel: Harlow (0279) 26777 

VSI Electronics (U.K.) Ltd. 
Roydonbury Industrial Park 
Horsecroft Road, Harlow 

Essex CM1I9 5 BY 

Tel: Harlow (0279) 29666 
Avtotehna 

P.O. Box 593, Celovska 175 
Ljubljana 61000 

Tel: 552 341 

African Technical Associates Ltd. 
Stand 5196 Luanshya Road 
Lusaka 

BAK Electrical Holdings (Pvt) Ltd. 
P.O. Box 2780 

Salisbury 


Semitronics Philippines 
216 Ortego Street 
San Juan 3134, Metro Manila 


Device Electronics Pte. Ltd. 
101 Kitchener Road No. 02-04 
Singapore 0820 

Microtronics Asso. Pte. Ltd. 
Block 1003, Unit 35B 
Aljunied Avenue 5 

Singapore 1438 


C.W. Mackie & Co. Ltd. 
36 D.R. Wijewardena Mawatha 
Colombo 10 


Delta Engineering Ltd. 

No. 42 Hsu Chang Street 

8th Floor, Taipei 

Multitech International Corp. 
No, 977 Min Shen East Road 
Taipei 

Anglo Thai Engineering Ltd. 
2160 Ramkambaeng Road 
Highway Hua Mark, Bangkok 
Better Pro Co, Ltd. 

71 Chakkawat Road 

Wat Tuk, Bangkok 


Miguel Antonio Pena Pena 
Y¥ Cia. S. En C. 

Carrera 12 #1906 

Bogota 

Electronica Moderna 
Carrera 9A, NRO 19-52 
Apartado Aereo 5361 
Bogota, D.E.1 

J. G. Valldeperas, S.A. 
Calle 1, Avenidas 1-3, 
Apartado Postal 3923 

San Jose 

Tel: 32-36-14 

Humberto Garcia, C. por A. 
El Conde 366 

Apartado de Correos 771 
Santo Domingo 

Tel: 682-3645 
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RCA Authorized Distributors 
Latin America (Cont'd) 


Ecuador Elecom, S.A. 

Padre Solano 202-OF. 8, 
P.O, Box 9611, Guayaquil 
Radio Electrica, S.A. 

4A Avenida Sur Nb. 228 
San Salvador 

Tel: 21-5609 

Radio Parts, S.A. 

2A C. O. No. 319 Postal la 
Dalia, P.O. Box 1262 

San Salvador 

Tel: 21-3019 


Electronics Guatemalteca 
13 Calle 5-59, Zona | 
P.O. Box 514 

Guatemala City 

Tel: 25-649 
Tele-Equipos, S.A. 

10A Calle 5-40, Zona ! 
Apartado Postal 1798 
Guatemala City 

Tel: 29-805 

Societe Haitienne 
D’Automobiles, S.A. 
P.O. Box 428, 
Port-Au-Prince 

Tel: 2-2347 

Francisco J. Yones 

3A Avenida S.O. 5 

San Pedro Sula, 
Honduras, Central America 
Tel: 52-00-10 


Mexico 


El Salvador 


Guatemala 


Netherland 
Antilles 


Nicaragua 


Haiti 


Panama 


Honduras Paraguay 


Peru 





Electronica Remberg, S.A. Surinam 
de C.V. 

Republica del Salvador No. 

30-102, Mexico City |, D.F. 

Tel: 510-47-49 

Mexicana de Bulbos, S.A. 

Michoacan No. 30 

Mexico 11, D.F. 

Tel: 564-92-33 

Partes Electronicas, S.A. Trinidad 
Republica Del Salvador 30-501 

Mexico City 

Tel: (905) 585-3640 

Raytel, S.A. 

Sullivan 47 Y 49 Uruguay 
Mexico 4, D.F. 

Tel: 566-67-86 

El Louvre, S.A. 

P.O. Box 138, Curacao 

Tel: 54004 

Comercial F. A. Mendieta, S.A.”°7e7™el# 
Apartado Postal No. 1956 

C.S.T. Sc Al Sur 2c 1/2 Abajo 
Managua 

Tropelco, S.A. 

Via Espana 20-18, Panama 7 

Rep..de Fanama West Indies 
Compania Comercial Del 

Paraguay, S.A. 

Casilla de Correo 344 

Chile 877, Asuncion 

Arven S.A. 

PSJ Adan Mejia 103, OF. 33 

Lima 11 

Tel: 716229 


Kirpaiani's Ltd. 

17-27 Maagdenstreet, 
P.O. Box 251, Paramaribo 
Tel: 71-400 


Surinam Hlectronics 
Keizerstreet 206 

P.O. Box 412 
Paramaribo 

Tel: 76-555 

Kirpalani’s Limited 
Kirpalani’s Komplex 
Churchill Roosevelt Highway 
San Juan, Port-of-Spain 
Tel: 638-2224/9 
American Products S.A. 
(APSA) 

Casilla de Correo 1438 
Canelones 1133 
Montevideo 

Tel: 594210 


P. Benavides, P., S.R.L. 
Residencies Camarat, Local 7 
La Candelaria, Caracas 
MAIL ADDRESS: Apartado Posta 
20.249 

San Martin, Caracas 

Tel: (58-2) 571-21-46 

Da Costa and Musson Ltda. 
Carlisle House 

Hincks Street 

P.O. Box 103 

Bridgetown, Barbados 

Tel: 608-50 


Alabama 
CSR Electronics 
7272-E2 Arcadia Ci. N.W. 
Huntsville, AL 35801 
Tel: (205) 533-2444 


Arizona 
Thom Luke Sales, Inc. 
2940 North 67th Place 
Suite H 
Scottsdale, AZ 85251 
Tel: (602) 941-1901 


California 
CK Associates 
8333 Clairemont Mesa Blvd. 
Suite 105 
San Diego, CA 92111 
Tel: (714) 279-0420 


Connecticut 
New England Technical Sales 
(NETS) 
240 Pomeroy Avenue 
Meriden, CT 06450 
Tel: (203) 237-8827 


Florida 
G.F. Bohman Assoc., Inc. 
130 N. Park Avenue 
Apopka, FL 32703 
Tel: (305) 886-1882 
G.F. Bohman Assoc., Inc. 
2020 W. McNab Road 
Ft. Lauderdale, FL 33309 
Tel: (305) 979-0008 


Georgia 
CSR Electronics 


1530 Dunwoody Village Pkwy. 


Suite 110 
Atlanta, GA 30338 
Tel: (404) 396-3720 





Kansas 
Electri-Rep 
7070 W. 107th Street 
Suite 160 
Overland Park, KS 66212 
Tel: (913) 649-2168 


Massachusetts 
New England Technical Sales 
(NETS) 
135 Cambridge Street 
Burlington, MA 01803 
Tel: (617) 272-0434 


Minnesota 
Comprehensive Technical Sales 
8053 Bloomington Freeway 
Minneapolis, MN $5420 
Tel: (612) 888-7011 


New Jersey 
Astrorep, Inc. 
717 Convery Blvd. 
Perth Amboy, NJ 08861 
Tel: (201) 826-8050 


New York 
Astrorep, Inc. 
103 Cooper Street 
Babylon, L.I., NY 11702 
Tel: (516) 422-2500 


North Carolina 
CSR Electronics 
4208 Six Forks Road 
Suite 305 
Raleigh, NC 27609 
Tel: (919) 787-2137 


Ohio 
Lyons Corporation 
4812 Frederick Road 
Suite 101 
Dayton, OH 45414 
Tel: (513) 278-0714 


Lyons Corporation 

4615 W. Streetsboro Road 
Richfield, OH 44286 

Tel: (216) 659-9224 


South Carolina 
CSR Electronics 
1506 Winding Way 
So. Carolina 
Taylors, SC 29687 
Tel: (803) 292-2388 


Texas 
Southern States Marketing 
400 E. Anderson Lane 
Suite 218-6 
Austin, TX 78752 
Tel: ($12) 452-9459 
Southern States Marketing 
9730 Townpark Drive #105 
Houstan, TX 77036 
Tel: (713) 988-0991 
Southern States Marketing 
1142 Rockingham 
Suite 106 
Richardson, TX 75080 
Tel: (214) 238-7500 


Utah 
Simpson Assocs. 
7324 So. 1300 E. 
Suite 350 
Midvale, UT 84047 
Tel: (801) 566-3691 


Washington 
Vantage Corp. 
300 120th Avenue N.E. 
Bldg. 7, Suite 207 
Bellevue, WA 98005 
Tel: (206) 455-3460 
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